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Introduction 


This  report  is  confined  to  the  counties  in  which  the  Massachu- 
setts Geodetic  Survey  has  been  able  to  carry  its  work  to  comple- 
tion. The  Federal  Emergency  Relief  Administration  limited  the  field 
of  work  to  that  territory  accessible  by  daily  transportation  to  and 
from  the  homes  of  those  employed.  Each  field  party  is  comprised  of 
ten  members,  two  of  which  furnish  and  drive  the  cars  necessary  to 
transport  the  party  and  assist  in  the  field  work.  No  expense  of 
maintaining  men  away  from  home  has  been  permitted.  Therefore,  the 
field  work  west  of  V^orcester  County  has  been  limited  to  the  nimiber 
of  men  available  in  that  portion  of  the  state  under  these  condi- 
tions of  employment. 


The  content  of  this  report  is  arranged  to  present  first,  the 
status  of  land  surveying  in  this  state;  then,  under  appropriate 
titles,  to  present  information  concerning  the  development  of  the 
means  of  defining  geographic  location  known  as  the  science  of  geod- 
esy; a  brief  outline  of  the  early  history  of  the  U.  S.  Coast  and 
Geodetic  Survey;  the  development  of  the  recently  adopted  projection 
methods  upon  which  the  work  of  the  local  control  surveys  is  based; 
its  application  in  Massachusetts  to  secure  accurate  geodetic  con- 
trol in  the  determination  of  the  true  position  of  any  point  within 
the  state;descriptions  of  the  component  parts  of  a  geodetic  survey; 
the  field  and  office  work  of  the  Massachusetts  Goodotic  Survey  and 
the  form  in  which  acquired  data  is  made  available. 


The  Massachusetts  Geodatic  Survey  has  in  preparation  a  manual, 
entitled  "Technical  Procedure  for  Geodetic  Surveys,"  which  will  de- 
fine standard  methods  and  recording  of,  all  field  work  to  obtain  a 
satisfactory  degree  of  accuracy  together  with  illustrations  of  uni- 
form methods  of  computation  upon  standard  forms  for  permanent  rec- 
ords. The  general  adoption  of  the  procedures  and  practices  do- 
scribed  in  the  manual  will  place  the  results  of  all  surveys  upon  a 
common  basis  and  assure  uniformly  satisfactory  results. 


*  Staff  Engineer,  Massachusetts  Geodetic  Survey 


Scope  of  Study 

A  responsible  engineer  from  the  office  of  the  Massachusetts 
Geodetic  Survey  was  selected  to  make  personal  contact  with  one  or 
more  town  officers  in  each  of  the  169  cities  and  towns  within  the 
counties  of  Essex,  Middlesex,  Suffolk,  Norfolk,  Plymouth,  and 
Bristol.  The  object  was  to  ascertain  the  status  of  land  surveys 
made  by  and  for  the  several  towns  in  the  preparation  of  maps  for 
assessors  use,  street  layouts  or  other  public  purpose.  Particular 
inquiry  was  made  relative  to  the  use  of  horizontal  and  vertical 
control  by  means  of  triangulation,   coordinate  systems,  and  levels. 

It  was  found  that  there  has  been  little  or  no  attempt  made  to 
use  the  principle  of  geodetic  control  in  any  land  surveys  by  the 
cities  and  towns  throughout  the  area  of  these  six  counties.  The 
advantages  of  local  control  in  land  surveys  for  private  or  public 
purposes  have  been  realized  by  only  a  few.  Therefore,  it  seems  ap- 
propriate to  include  in  this  report  a  study  of  the  apparent  reasons 
for  this  general  failure  to  adopt  more  precise  methods  of  point  de- 
termination and  description. 

Factors  which  Influence  Land  Values 

The  value  of  land  depends  upon  two  principal  advantages,  pri- 
marily its  accessibility,  secondarily  its  usefulness.  Towns  grew 
from  the  nucleus  of  a  settlement  established  at  the  intersection  of 
traveled  v;ays  between  distant  points  or  at  the  terminals  of  these 
routes  usually  situated  adjacent  to  navigable  waters  affording  com- 
munication to  other  more  distant  points.  The  inn,  the  blacksmith 
shop,  the  store,  the  church,  the  school,  and  the  mill  were  advan- 
taged by  the  accessibility  afforded  by  routes  of  communication  and 
in  turn  promoted  local  growth  and  increased  the  usefulness  of  ad- 
jacent land. 

The  illustration  "Boston  and  Adjacent  Country"shows  the  nuclei 
of  the  tovms  surro\mding  Boston  and  the  local  routes  of  travel  ex- 
isting in,  and  prior  to  the  year  1813.  Note  the  emphasis  given  on 
the  map  to  navigable  streams  and  water  areas  surrounding  Boston. 
This  map  has  been  reproduced  from  a  publication  entitled  "The  Trav- 
ellers Directory  Through  the  United  States,"  4th  edition,  published 
by  John  Melish  in  Philadelphia  in  1818.  The  population  of  Boston 
(census  of  1815)  is  given  as  33,250. 

A  pocket  at  the  end  of  the  publication  contained  a  folded 
general  map  of  the  United  States  showing  all  through  travel  routes 
in  the  entire  country.  Spreading  out  the  map  and  referring  to  the 
travel  tables  in  the  text  the  traveller  of  that  day  could  plan  an 
itinerary  between  his  home  town  and  distant  points  by  "The  GREAT 
and  DIRECT  ROADS  from  YlfASHINGTON  to  the  extremities  of  the  country, 
constructed  so  as  to  include  the  seats  of  all  the  state  and  terri- 
torial governments." 


BOSTOIV 

and. 
ADJACENT  COUNTRY. 


aBafl 


Increment  in  the  value  of  land  centrally  located  is  created  by 
increased  density  of  population.  Accessibility  is  maintained  by 
improved  transportation  facilities  and  usefulness  is  maintained  by 
the  erection  of  new  and  improved  structures  upon  it.  Increment  in 
the  value  of  land  surrounding  the  central  area  is  also  in  direct 
proportion  to  its  accessibility  and  usefulness.  The  quality  of 
usefulness  is  measured  by  the  nimiber  of  users,  thereof,  denoted  by 
the  general  classifications  of  business,  residential,  agricultural, 
grazing,  woodland,  and  waste.  Increm.ent  in  the  value  of  all  land 
is  promoted  by  the  addition  of  improvem.ents  which  increase  the  ac- 
cessibility and  usefulness  of  it.  Among  these  are  graded  and  paved 
roads  and  walk  ways,  drainage,  water  supply,  sewer,  light,  power 
and  public  conveyance. 

Land  in  business,  industrial  and  residential  areas  within  a 
community  possesses  individual  value  peculiar  to  the  location.  The 
ever  increasing  value  of  improved  land  and  of  lands  in  the  vicinity 
of  the  probable  extension  of  improvements  makes  it  not  only  desir- 
able, but  very  necessary, to  have  accurate  determination  of  individ- 
ual areas  and  record  of  ownership.  All  other  areas  within  the 
classifications  of  agricultural,  pasturage,  woodland,  or  unre- 
claimed, should  be  determined  with  equal  accuracy  in  order  that  the 
tax  burden  may  be  equitably  apportioned. 

Increase  in  density  of  population  requires  the  appropriation 
for  public  use  of  areas  to  facilitate  the  intensive  use  of  the  land 
remaining.  These  reservations  take  the  form  of  boulevards,  avenues, 
streets,  and  alleys, as  well  as  reservations  for  parks,  playgrounds, 
and  public  buildings.  Cities  have  been  compelled  to  make  precise 
determination  of  the  lines  limiting  these  reservations,  not  only 
for  their  development,  but  for  determining  and  apportioning  the 
cost  of  them  to  the  remaining  land.  Also,  the  areas  of  urban  hold- 
ings have  necessarily  been  determined  with  greater  accuracy  because 
structures  built  upon  them  have  occupied  the  entire  area,  or  nearly 
so.  Consequently,  areas  of  land  holdings  in  cities  have  been  close- 
ly deterrained  although  the  position  of  a  line  may  remain  cause  for 
dispute  due  to  careless  occupation. 


General  Use  of  Loose  Markings  and  Descriptions 

In  settlement  days,  property  bounds  demarking  ownership  were 
of  minor  importance.  They  were  loosely  determined  in  position  by 
compass,  range  pole  and  chain,  and  vrere  marked  by  objects  of  local 
prominenpe  possessing  little  or  no  permanence.  A  pile  of  stones 
gathered  at  one  corner,  a  live  oak  tree  at  another  comer  and  the 
middle  of  the  road  passing  the  property  were  considered  sufficient 
and  permanent  marks.  Seldom  were  distances  and  directions  to  ref- 
erence marks  in  the  vicinity  of  the  stone  pile,  or  the  tree,  meas- 
ured, observed  and  recorded.  Hence  the  original  position  of  these 
old  points   can  never  be  exactly  recovered.   i/7ith  the  growth  of 


Small  maple  

tree  narked  / 
with  stones 


Barrov:s  Land 

Heap  of  Stones 


Stake  &  Stones 


Stake  standing  a.t 
head  of  the  marsh 


C-':one  standing  on 
edge  of  marsh 


Dyer  field 


Stake  &  Heap  of  Stonet 


Diagrira  and  Description  of  Land__of 

Beginning  at  a  stake  and  heap  of  stones  standing  on  the  north 
side  of  a  wall  in  the  line  of  the  Dyer  field;  thence,  north  eight 
and  one  half  degrees  east  about  ninety-seven  rods  to  a  small  maple 
tree  marked  with  stones  about  it  standing  on  the  east  side  of  a 
road  in  the  line  of  said  Barrows  land  thence  east  in  the  line  of 
said  Barrows  land  about  36  rods  to  a  heap  of  stones  in  a  field 
thence  south  19  rods  and  one  third  of  a  rod  to  a  stake  and  stones 
thence  S  39°  E.  32  rods  to  a  stake  standing  at  the  head  of  the 
marsh  thence  S  lOo  Yi  29  rods  to  a  stone  standing  in  the  edge  of  the 
marsh  thence  W  17°  S  in  the  line  of  the  Dyer  field  67  rods  to  the 
first  mentioned  bound.  Containing  about  20  acres  be  the  same  more 
or  less. 


population  the  desire  for  ownership  of  land  at  or  near  the  centers 
of  business  and  social  activity  caused  the  subdivision  of  original 
holdings  into  smaller  parcels  possessed  by  n\amerous  ovmers.  The 
boundaries  of  these  small  parcels  were  defined  by  measurements  of 
lines  and  the  names  of  abutting  owners. 


Great  dependence  has  been  placed  on  the  names  of  abutting 
owners  when  preparing  land  descriptions.  This  information  is  of 
greatest  value  during  contemporary  occupajicy  only.  The  value  of 
the  names  of  abutting  owners  rapidly  diminishes  as  time  passes  to 
succeeding  generations.  The  transfer  of  titles  from  one  present 
day  owner  to  another  frequently  entails  great  expense,  in  the 
search  of  past  records  of  deeds,  to  prepare  an  abstract  of  title 
back  to  original  owners.  The  loss  or  destruction  of  old  atlases 
and  assessors  maps  adds  to  the  difficulties  and  uncertainties  en- 
countered in  the  search  and  greatly  extends  the  time  required  to 
complete  the  abstract. 


Yi/hile  land  was  plentiful  and  population  small  these  loose 
practices  of  defining  and  describing  the  metes  and  bounds  of  prop- 
erty became  a  fixed  custom  which,  through  failure  to  perceive  the 
consequences  thereof,  has  clouded  many  a  title  and  been  the  direct 
cause  of  bitter  controversies  and  endless  litigation. 

Land  surveys  carelessly  made,  defined  by  loose  descriptions 
of  bounds,  and  monumented  by  perishable  marks  (so  perfectly  illus- 
trated by  the  "Diagram  and  Description  of  Land  of "  ac- 
tually made  and  incorporated  in  a  deed  in  1843)  has  produced  a  tre- 
mendous burden  upon  present  day  realty  owners.  The  economies  se- 
cured to  the  individual  by  failure  to  provide  permanent  marks  and 
by  not  insisting  upon  exact  measurements  has  accumulated,  with  the 
passing  years  and  the  succession  of  transfers,  an  expensive  burden 
upon  each  individual  land  area.  This  burden  is  the  cost  of  the 
search  to  verify  a  title  each  time  a  transfer  occurs.  In  the  ag- 
gregate this  burden  upon  realty  is  a  tremendous  annual  charge  which 
may  be  slowly  decreased  by  the  general  adoption  of  horizontal  con- 
trol based  on  the  state  system  of  plane  coordinates. 


False  Economy  of  Loose  Survey  Methods 

Impelled  by  economy  the  ovmer  of  real  property  neglected  to 
provide  permanent  monuments  at  important  points  on  boundary  lines. 
The  same  impulse  of  economy  has  caused  the  owner  to  assume  that  so 
simple  a  procedure  as  a  land  sui'vey  should  be  procured  as  cheaply 
as  possible.  These  economical  impulses  have  dominated  the  relation 
of  owner  and  surveyor  to  the  detriment  of  the  results  obtained  when 
commercial  surveys  must  be  executed  with  minimum  field  activity  and 
in  the  briefest  possible  time. 


The  cituation  has  long  been  recor.nized,  accepted  sind  perpetu- 
ated by  the  legal  practice,  when  drawing  deeds,  of  qualifying  the 
accuracy  of  dimensions  and  areas  by  appropriate  phrases  such  as 
"be  they  more  or  less"  or  "more  or  less".  Lost  landmarks  invali- 
date the  descriptions  perpetuated  in  deeds  and  repeated  (with  no 
check  observation  of  existing  conditions)  through  successive  prop- 
erty transfers  from  generation  to  generatioii.  The  economies  of 
time  and  expense  effected  by  these  careless  practices  frequently 
result  in  confusion,  conflict  and  costly  contests  in  the  courts. 

The  development  of  assessors  maps  has  been  seriously  handi- 
capped by  lack  of  public  interest  in  them  except  to  limit  the  ex- 
penditure of  fimds  for  them  to  an  amount  inadequate  for  accurate 
determination  of  the  land  holdings  they  purport  to  show.  The  field 
methods  adopted  were  necessarily  those  which  would  provide  the  in- 
formation desired  at  least  cost.  Here  again  economical  impulses 
have  dominated,  inadvertently  resulting  in  inequitably  laid  taxes 
due  to  undetected  discrepancies  in  true  areas. 


Present  Lack  of  Control 

In  by  far  the  majority  of  towns  the  development  of  assessors 
maps  has  been  upon  low  standards  of  control  end  loose  adjustment. 
The  data  for  these  maps  were  acquired  by  closed  traverses,  supple- 
mented by  discorjiected  traverses,  into  which  are  fitted  old  surveys 
as  described  in  deeds.  These  descriptions  are  rarely  confirmed  by 
a  map  and  no  check  has  been  made  of  the  area  said  to  be  included  by 
the  bounds  as  given.  V.liile  this  method  gives  a  fair  picture  of  the 
relative  position  of  tho  numerous  land  holdings  within  the  communi- 
ty yet  there  is  no  assurance  of  accuracy  in  the  reported  aroa  of 
the  several  holdings. 

It  appears  that  many  tovms  have  neglected  to  establish  fixed 
widths  for  even  the  most  important  thoroughfares  within  their 
limits  not  to  mention  tho  svibsidiary  thoroughfares  serving  outlying 
areas.  This  neglect  is  a  source  of  confusion  and  doubt  to  the  in- 
dividual desiring  to  make  some  improvement  of  land  fronting  there- 
on. The  ever  increasing  value  of  all  land  makes  it  necessary  to 
remedy  this  situation  based  upon  the  exact  control  now  available. 

The  confusion  in  the  use  of  level  data  derived  from  various 
datum  planes  can  not  be  over-emphasized.  It  extends  throughout  the 
entire  territory  covered  in  this  report.  Here  and  there  the  local 
engineer  is  certain  of  the  datum  upon  which  his  bench  marks  are 
based,  but  in  general,  the  correct  datum  for  the  levels  in  local 
use  is  vague.  The  usual  practice  is  to  adopt  an  arbitrary  datum 
for  local  levels.  This  type  of  vertical  control  has  no  basis  of 
comparison  with  levels  determined  upon  some  authentic  datum  such  as 
moEui  sea  level.  The  Dati^i  Chart  illustrates  the  variation  in  local 
datums . 
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Relation  of  Datum  Planes 


MASSACHUSETTS 


Town  of  Orange 


Town  of  North  Attleboro 


New  Eng  Power  Association 


Turners  Falls  Power  Co. 


City  of  Lowe  I 


Locks  and  Canals  Corp.Lowel 


City  of  Lawrence 


Town  of  Framinqham 


City  of  New  Bedford 


City  of  Attleboro 
City  of  Worcester 


Town  of  Natick 


^ 


City  of  Chicopee 
City  of  Springfield 
Town  of  Greenfield 


City  of  Haverhill 


City  of  Brockton 


Holyoke  Water  Power  Co. 


City  of  Holyoke 


City  of  Salem 


Mean  High  Water- Boston  Harbor 


U.S.C.Sc  G  S.  Mean  Sea  Level 


i  i  f  M  i  If  I  M  M  M  t  ITT 


^- 


Mean  Tide  Level- Commonwealth  Pier  No.5  Boston 


Town  of  Manchester 


City  of  Peabody 


Boston  Low  Water  Datum 


City  of  Lynn 


M 


City  of  Somerville 


Town  of  Weliesiey 


ean  Low  Water  -  Boston   Harbor 


City  of  Beverly 


Tov»/n  of  Dedham 


Boston  City  Base 


City  of  Newion 


Town  of  Brook  line 


City  of  Quincy 


City  of  Revere 


City  of  Everett 


City  of  Chelsea 


Town  of  Norwood 


Met.  Water  Supply  Commission 


City  of  Cambridge 


Town  of  Walpole 


U.S.  Army  Engineers 


Boston  Navy  Yard  (Basic  Bench) 


Town  of  Need  ham  and   Metropolitan    District    Commission   (Sewers) 


Value  of  Control  Demonstrated 

V.Tiere  plcjie  coordinate  systems  have  been  introduced  and  the 
accuracy  of  assessors  maps  checked  by  surveys  based  thereon  it  is 
usual  to  find  iHiassessed  areas.  The  resulting  increase  in  the  to- 
tal valuation  causes  a  proportionate  reduction  in  the  tax  rate  and 
a  more  equitable  distribution  of  the  tax  burden  upon  real  property. 

The  value  of  all  knowledge  is  in  direct  proportion  to  the  de- 
gree of  accuracy  with  which  it  has  been  determined.  This  applies 
with  great  force  to  the  determination  of  land  bounds.  The  principle 
of  exact  control  should  supplant  the  loose  methods  which  have  pre- 
vailed in  local  surveys. 

A  loose  point  is  one  defined  by  coordinates  of  a  system  not 
geodetically  established  or  by  arbitrary  reference  to  nearby  ob- 
jects. The  destructive  forces  of  nature  or  the  progressive  works 
of  man  may  destroy  or  remove,  not  only  the  monument  marking  s.  loose 
point,  but  also  all  surrounding  reference  marks.  The  destruction 
of  a  loose  point  of  origin  of  an  arbitrarily  selected  local  system 
of  coordinates  removes  forever  the  authority  for  the  position  of 
monuments,  established  by  that  system. 

The  accuracy  of  field  work  performed  on  a  land  survey  is  de- 
termined by  control.  A  survey  closing  upon  the  station  of  origin 
establishes  independent  control  on  a  plane  of  limited  extent.  A 
survey  starting  at  a  fixed  point  and  ending  at  another  fixed  point, 
both  being  in  the  same  reference  plane,  establishes  dependent  con- 
trol. The  ultimate  value  of  dependent  control  lies  in  the  extent 
of  the  reference  plane.  It  is  therefore  a  great  advantage  to  re- 
place numerous  arbitrarily  selected  reference  systems  of  limited 
application  by  one  embracing  an  entire  state. 

The  boundaries  of  land  areas,  whether  of  large  or  small  prop- 
erties, are  defined  by  the  meeting  points  of  enclosure  lines  the 
length  and  direction  of  which  are  Imown.  This  applies  to  the  four 
rectangular  lines  of  a  small  lot  or  to  the  numerous  lines  whic'n  de- 
fine the  limits  of  a  farm,  or  to  the  boundary  lines  of  a  tovm. 
These  meeting  points,  called  corners,  are  the  points  where  the  en- 
closing lines  change  direction.  A  monumented  corner  defined  by 
plane  coordinates,  determined  by  traverse  from  a  geodetic  control 
station,  is  permanently  and  accurately  located. 

The  position  defined  by  these  geodetic  coordinates  is  inde- 
structible. The  position  of  a  destroyed  monument  can  be  indisput- 
ably re-established  and  a  new  monument  replaced  in  the  position  of 
the  original.  So  long  as  the  interplanetary  forces  which  maintain 
the  fixed  orbits  of  svn,  stars, and  earth  continue  to  function,  just 
so  long  will  it  be  possible  to  define  and  re-establish  the  position 
of  any  point  on  the  surface  of  the  earth  by  geodetic  coordinates 
peculiar  to  that  point  alone. 
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The  stations  and  bench  marks  established  in  all  ooiranunities  by 
the  Massachusetts  Geodetic  Survey  provide  fixed  data  for  applying 
exact  horizontal  and  vertical  control  to  all  future  public  engi- 
neering v/ork  within  them.  All  engineering  work  already  accomplished 
upon  arbitrarily  adopted  control  can  readily  receive  the  advantages 
of  exact  control  as  nev>r  work  is  tied  to  old  work  and  the  old  work 
adjusted  thereto. 

The  Massachusetts  Land  Court  has  endorsed  and  adopted  the  con- 
trol made  available  by  the  Massachusetts  Geodetic  Survey.  Future 
petitioners  for  registration  of  land  in  the  court  will  be  required 
to  establish  the  position  of  boundaries  on  the  new  system  insofar 
as  reasonably  possible,  and  the  engineer  executing  the  survey  vrark 
shall  perform  his  field  work  and  computations  in  accordance  with 
prescribed  accuracy. 

It  is  evident  that  the  present  status  of  public  and  private 
land  surveys  can  be  greatly  improved  by  the  adoption  of  both  hori- 
zontal and  vertical  control  in  the  determination  of  all  important 
points.  The  difficulties  and  expense  of  establishing  geodetic  con- 
trol have  been  overcome  by  the  work  of  the  local  control  surveys. 
Therefoi'e,  general  adoption  of  this  state  system  of  accurate  con- 
trol will  enhance  the  value  of  all  locally  developed  engineering 
data  since  it  can  be  readily  compared  and  exchanged  with  similar 
data  in  surrounding  communities  notably,  v/ater  supplies,  highvrays 
and  sewers, 


Status  of  Control  in  Massachusetts 

In  Massachusetts  completed,  or  r-ontemplated,  scientific  first 
order  arcs  of  triangulation  and  practical  area  triangulation  nets 
of  second  order  have  fixed  in  geodetic  position  nixnerous  R,nd  well 
distributed  stations  each  of  which  is  a  strong  control  point.  This 
triangulation  development  has  required  years  of  expensive  field 
work  which  has  been  jointly  defrayed  by  appropriations  secured  from 
the  state  and  the  national  governments.  The  first  triangulation 
vrork,  in  and  for  the  state  .was  done  by  Simeon  D.  Borden  of  New  Bed- 
ford in  l'332-35.  The  stations  established  by  Mr.  Porden  fonned  the 
nuculeus  of  all  subsequent  work  extending  horizonta.1  control  in  the 
state. 

All  public  Yforks  necessitating  extended  occupation  of  land, 
whether  sponsored  by  the  state  or  smaller  subdivisions  v.dthin  the 
state,  require  accurate  maps  showing  all  principal  features  in  true 
position  and  elevation.  T.uch  a  map  cannot  be  madtj  without  tying  in 
the  survey  to  strong  control  points  located  within,  or  adjacent  to, 
the  area  occupied.  The  cost  of  the  location  survey  is  but  a  frac- 
tional part  of  the  cost  of  the  work  planned, and  frequently  develops 
information  resulting  in  economies  which  offset  the  expenditure  for 
the  survey. 
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Unfortunately  this  relation  of  cost  to  total  expenditure  does 
not  hold  in  the  surrey  of  small  areas.  Consequently  the  advantages 
of  geodetic  position  for  place  and  area  surveys  have,  in  the  past, 
been  denied  to  the  owners  of  small  land  holdings.  The  distance  of 
the  property  from  a  control  point  has  prevented  tying  the  survey 
to  it  vdthout  adding  a  cost  thereto  way  out  of  proportion  to  that 
of  the  property  survey  alone. 


In  future  the  small  land  owner  can  secure  the  advantages  and 
benefits  of  geodetic  position  for  the  land  marks  bounding  his  prop- 
erty at  very  little  additional  expense.  The  monumented  disk  sta- 
tions established,  or  to  be  established,  in  all  towns  throughout 
the  state  bring  accurate  control  points  within  easy  reach  of  most 
properties.  The  survey  should  be  tied  to  adjacent  control  stations 
by  traverse.  The  field  work  should  be  done  with  the  proper  number 
of  repetitions  of  angle  and  distance  measurements  to  insure  the  ac- 
curacy of  results  within  reasonable  limits  of  error.  The  standards 
for  second  order  traverse  work  adopted  by  the  U.  S.  Coast  and  Geo- 
detic Survey  should  be  adhered  to. 


The  somewhat  larger  cost  of  surveys  made  in  accordance  with 
those  standards  is  compensated  for  by  confidence  in  the  accuracy  of 
the  results  and  the  assurance  that  the  position  of  any  monument 
(included  in  the  survey)  which  may  be  disturbed  or  destroyed  can 
be  re-established  in  true  position. 


Vertical  control  in  the  state  has  been  based  upon  independent 
determinations  of  varying  stages  of  ocesji  tides  at  different  points 
in  Boston  Harbor.  The  inconvenience  of  comparing  elevations  de- 
termined upon  a  variety  of  datums  will  be  avoided  in  the  future  by 
general  adoption  of  mean  sea  level  as  authentic  datum  to  which  all 
elevations  should  be  referred. 


Findings 

The  limited  application  of  geodetic  control  to  surveys  for 
public  works  within  the  limits  of  cities  and  tovms  in  the  six  coun- 
ties visited,  is  very  forcibly  shown  by  an  analysis  of  the  accom- 
panying table  summarizing,  in  appropriate  groups,  the  number  of 
communities  which  have  adopted  horizontal  or  vertical  control,  or 
both,  or  have  no  control. 


Comparatively  fev;  cities  and  to'vm.s  have  developed  local  tri- 
angulation  nets  to  determine  the  geodetic  position  of  well  chosen 
points  of  prominence  within  or  adjacent  to  its  bounds  or  to  utilize 
the  local  stations  established  by  the  Massachusetts  Town  Boundary 
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Commission.  A  few  have  made  use  of  triangulation  stations  estab- 
lished "by  the  U.  S.  Coast  and  Geodetic  Survey  or  by  the  state  Top- 
ographic Survey.  It  appears  that  slightly  less  than  6  per  cent  of 
the  communities  have  used  triangulation  to  base  local  surveys  upon. 
Therefore,  no  satisfactory  horizontal  control  has  been  used  by  94 
per  cent  of  them. 


Only  a  few  of  the  larger  communities  have  adopted  a  local  sys- 
tem of  coordinates.  These  are  mostly  in  the  metropolitan  area  sur- 
rounding Boston  and  the  larger  cities  of  the  state.  These  systems 
were  apparently  adopted  under  the  stimulus  of  the  triangulation 
work  incident  to  the  topographic  surveys  sponsored  by  the  national 
government  and  the  town  boundary  surveys  executed  by  the  state  dur- 
ing a  period  of  twenty  five  years  beginning  in  1884.  Some  cities 
and  to^vns  south,  west  and  north  of  Boston  selected  the  cupola  on 
the  state  capitol  as  the  origin  of  coordinates  while  others  chose 
tovm  corners,  or  triangulation  stations,  or  local  land  marks  such 
as  the  town  hall  for  the  origin.  Only  29  cities  and  tovms  of  the 
169  in  the  eastern  counties  have  attempted  to  use  a  plane  coordi- 
nate system  in  determining  the  position  of  local  points.  This 
constitutes  slightly  more  than  17  per  cent  of  the  total,  of  which 
only  one  third  are  controlled  by  triangulation. 


Local  vertical  control  has  been  adopted  by  44  per  cent  of  the' 
communities.  It  has  been  of  value  in  ascertaining  relative  heights 
of  points  in  the  town  at  the  time  a  water  supply  has  been  installed. 
No  permanent  level  bench  has  been  established  as  the  tov-nx  datum.  It 
is  usual  to  rely  upon  the  private  engineers'  notes  or  upon  the  in- 
formation to  be  obtained  from  a  state  engineer's  office  of  highways, 
water  supplies  or  sewers  each  using  an  independent  datum.  The  point 
to  be  emphasized  is  that  level  data  is  seldom  available  in  communi- 
ties without  engineering  departments.  Included  in  the  44  per  cent 
are  all  cities  and  tovms  which  have  used  local  horizontal  control. 


The  total  in  the  last  column  of  the  table  shows  that  there  are 
94  communities  (56  per  cent  of  all)  which  have  no  engineering  data 
available  at  the  town  offices.  This  reveals  the  fact  that  many 
towns  which  occasionally  employ  engineers  and  are  dependent  upon 
them  for  data  which  should  be  a  matter  of  record  in  the  town  of- 
fices. This  condition  may  be  remedied  by  requiring  complete  data 
of  surveys  purchased  through  town  funds,  including  maps,  to  be 
filed  in  the  town  records. 


It  appears  that  30  per  cent  of  all  communities  regularly  em- 
ploy an  engineering  staff.  The  personnel  may  be  as  small  as  one, 
who  may  employ  additional  field  assistants  as  needed,  or  may  exceed 
12  where  there  is  a  constant  demand  for  engineering  data  systemati- 
cally acquired  and  used.   Another  40  per  cent  provide  for  part  time 
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engineering  service  under  small  annual  appropriations, or  less  regu- 
larly,  depending  upon  needs.    The  remaining  30  per  cent,  mostly 
sparsely  settled  rural  communities  without  funds  for  public  improve- 
ments, seldom  employ  engineering  services. 

The  engineering  work  which  has  been  done  by  localities  has, in 
general,  seldom  been  equal  to  third  order  standards  of  accuracj'-. 
This  is  chiefly  due  to  lack  of  strong  control  points  and  also  to 
the  employment  of  disconnected  traverses  for  the  determination  of 
many  points.  In  third  order  work  the  error  of  closure  in  distance 
should  not  exceed  one  foot  in  5000  feet  v,rhich  expressed  as  a  ratio 
is  1:5000.  The  traverses  of  the  Massachusetts  Geodetic  Survey  in 
establishing  control  stations  average  1:24000  error  of  closure  in 
distance  which  is  much  better  than  the  error  of  1:10000  set  as  the 
minimiim  in  second  order  work.  The  figure  1:24000  amounts  to  about 
one  foot  in  A-^  miles  which  is  nearly  equal  to  first  order  require- 
ment s . 

This  analysis  shows  that  the  work  of  the  local  control  surveys 
has  been  a  very  necessary  preliminary  to  the  general  adoption  of 
geodetic  control  by  cities  and  towns.  The  labor  and  expense  of  es- 
tablishing a  system  of  dependent  horizontal  and  vertical  geodetic 
control  has  been  justified  by  this  clear  demonstration  that  through- 
out the  state  there  has  been  no  precise  work  done  except  on  exten- 
sive major  projects  of  state  or  national  scope  requiring  general  or 
special  mapping. 


Table  Showing  Present  Use  of 
Horizontal  and  Vertical  Control 
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Conclusion 

The  opportunity  is  no\T  available  to  eliminate  from  future  pri- 
vate or  public  land  surveys  the  unsatisfactory  determination,  des- 
cription, and  definition  of  important  points.  Upon  completion  of 
the  Massachusetts  Geodetic  Survey  ivork  there  will  be  established  in 
every  community  fixed  points  of  horizontal  control(geographic  posi- 
tion)  and  vertical  control   (elevations  based  on  mean  sea  level). 

The  distribution  and  general  location  of  all  stations  estab- 
lished for  horizontal  control  and  of  all  bench  marks  for  vertical 
control  are  shovm  upon  individual  tovm  diagrams  prepared  from  a- 
vailable  maps.  Appropriate  symbols  are  employed  to  identify  the 
points.  The  symbols  are  listed  and  explained  in  a  "Legend"  upon 
the  map.  Information  regarding  each  of  the  points  can  be  obtained 
from  the  office  upon  application. 

The  data  available  at  horizontc-.l  control  stations  are: 

(1)  A  description  of  the  general  location; 

(2)  A  diagram  showing  distances  and  directions  to 
station  reference  points; 

(3)  Plane  coordinates  on  the  state  system; 

(4)  Direction  angles,  distances  and  azimuths  to 
adjacent  stations; 

(5)  Elevation  above  mean  sea  level. 

Future  public  or  private  surveys  should  be  tied  to  and  devel- 
oped upon  the  data  available  at  these  control  stations.  The  posi- 
tions of  all  important  points,  and  of  monuments,  can  be  permanently 
established  and  made  recoverable  at  any  future  time.  The  authori- 
tative levels  at  control  stations  and  at  bench  marks  eliminate  any 
necessity  for  using  arbitrarily  assumed  elevations. 

The  general  adoption  of  geodetic  control,  now  readily  avail- 
able, is  a  matter  of  immediate  concern  to  each  community.  A  recon- 
naissance of  local  conditions  will  reveal  a  suitable  plan  for  sys- 
tematic procedure.  It  will  be  possible  through  moderate  annual  ap- 
propriations to  gradually  develop  a  complete  coverage  of  the  com- 
munitjr. 

The  thirty  per  cent  of  all  communities  already  possessing  an 
engineering  department  can  readily  establish  coordination  with  the 
nevj-  control  points  and  effectively  tie  all  future  v/ork  to  the  state 
system.  As  contact  is  made  with  old  established  points  it  will 
not  be  difficult  to  recompute  the  pnsiti.in  of  points  derived  from 
them.  The  rapidity  of  its  application  to  all  points  within  the 
community  will  be  in  direct  proportion  to  the  appropriations  made 
for  the  work. 
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Communities  having  no  regular  engineering  staff  can  gradually 
apply  systematic  control  by  requiring  all  surveys  for  future  public 
work,  therein,  to  be  developed  upon  the  control  stations  convenient 
to  the  work.  The  results  annually  obtained  will  be  a  steady  in- 
crement toward  the  completion  of  thorough  coordination  of  the  com- 
munity. In  the  earlier  years  the  work  should  be  concentrated  on 
the  areas  of  high  value  and  extended  later  to  those  of  lovrer  values. 
Provision  should  be  made  for  filing  a  complete  record  of  procedure 
and  results  with  the  custodian  of  town  records.  The  Massachusetts 
Geodetic  Survey  will  confer  with  the  representatives  of  localities 
as  to  the  logical  and  proper  local  procedure  based  upon  the  facts 
and  conditions  presented. 

The  records  of  all  field  and  office  work  performed  on  town 
control  surveys  should  be  standardized  in  form  to  insure  inter- 
changeable usefulness.  The  Manual  for  Geodetic  Surveys  novir  being 
prepared  by  the  Massachusetts  Geodetic  Survey  is  a  simplified  form 
of  the  U,  S,  Coast  and  Geodetic  Survey  requirements  and  could  be 
adopted  by  the  tovms  as  standard  and  mandatory.  If  not,  the  other- 
wise miscellaneous  methods  used  and  various  forms  of  recording  re- 
sults ViTould  produce  confusion,  and  greatly  disrupt  the  possible  ex- 
change of  information  as  vrell  as  the  general  usefulness  of  the  sur- 
vey results. 
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Developnent  of  Geodesy 

The  geographic  position  of  a  point  on  the  earth's  surface  is 
determined  upon  the  scheme  of  control  first  devised  in  the  six- 
teenth century  by  Mercator  (a  Flemish  geographer)  who  considered 
the  world  to  be  a  true  sphere  which  could  be  geometrically  divided 
by  imaginary  lines  of  reference  at  equidistant  intervals  uDon  great 
circles  of  the  sphere.  From  this  original  thought  has  developed  the 
modern  control  of  individual  geographical  position  now  universally 
defined  in  degrees,  minutes,  and  seconds  of  latitude  and  longitude. 

All  geodetic  maps,  irrespective  of  the  method  of  projection 
employed  to  develop  them,  are  based  upon  and  tied  to  the  world 
system  of  reference  devised  by  Mercator.  No  practical  improvement 
has  been  made  in  the  system  but  there  has  been  vast  improvement 
in  the  instruments  used;  the  m.ethods  followed  in  developing  accur- 
ate maps  and  charts,  and  in  the  determination  of  spheroidal  para- 
meters 4 

About  two  hundred  years  after  Mercator,  Johann  Heinrich  Lam- 
bert, an  Alsatian,  made  the  first  general  study  of  map  projections. 
He  considered  the  problem  of  the  representation  of  a  sphere  upon  ?. 
plane  and  stated  certain  general  conditions  to  be  fulfilled  by  the 
representation,  The  most  important  of  these  being  preservation  of 
angles  ( con formality)  and  equal  surface  (Equivalence).  Both  condi- 
tions cannot  be  attained  sim.ultaneously.  The  Lambert  Conformal 
Conic  Projection  attains  the  preservation  of  angles  while  the  Lam- 
bert Azimuthal  Equal  Area  Projection  attains  equal  surface  repre- 
sentation. The  former  is  adapted  to  the  representation  of  limited 
areas  while  the  latter  is  adapted  to  the  representation  of  conti- 
nental areas  or  entire  hemispheres. 

Before  the  relation  of  points  upon  any  figure  can  ba  c."mplfctcd 
it  is  necessary  to  establish  the  true  shape  of  the  figure.  Physi- 
cists have  determined  the  true  shape  of  the  earth  to  be  a  spheroid 
which  is  a  sphere  modified  by  flattening  at  the  poles  and  enlarge- 
ment at  the  equator.  This  distortion  of  figure  is  caused  by  the 
centrifugal  force  developed  by  rotation  of  the  earth  about  the 
polar  axis,  Several  determinations  have  ocen  made  of  the  earth's 
figure.  The  one  commonly  used  in  Europe  was  made  by  Bessel,  In 
1866  Captain  A,R,  Clarke  made  a  reinvestigation  based  upon  more 
definite  information  acquired  since  Bessel 's  investigation, Clarke ' s 
determination  established  the  defining  parameters  to  be: 

Equatorial  semi-axis  -  a  6,378,20*^.4  meters 
Polar  semi-axis      -  b  6,356,583.8  meters 

This  determination  does  not  modify  the  relation  of  the  great 
circles  of  longitude  which  are  furthest  apart  at  the  equator  and 
converge  to  a  comjnon  point  at  the  poles. 
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The  distortion  of  figure  from  a  true  sphere  does  modify  the 
relation  of  the  parallels  of  latitude  upon  the  earth's  surface. 
Assuming  the  earth  to  be  a  true  sphere,  the  one  degree  divisions 
on  the  circumference  of  a  great  circle  of  longitude  would  be  equal 
but  the  flattening  of  the  sphere  at  the  poles  and  enlargement  at 
the  equator  lengthens  the  distance  between  latitudes  near  the  poles 
and  shortens  the  distance  between  latitudes  near  the  equator  which 
is  the  true  condition  in  a  spheroid. 

A  still  later  determination  has  been  made  by  Mr,  Hayford,  for- 
merly. Chief  Division  of  Geodesy  of  the  U.S,  Coast  and  Geodetic 
Survey.  The  Hayford  ellipsoid  represents  an  attempt  to  eliminate 
the  effect  of  local  topographic  conditions  by  means  of  the  correc- 
tions for  topography  and  isostatic  compensation  and  thus  to  deter- 
mine an  ellipsoid  approximating  the  geoid  as  a  whole.  The  General 
Assembly  of  the  Section  of  the  Geodesy  of  the  International  Geodet- 
ic and  Geophysical  Union,  meeting  at  Madrid,  Spain  in  1924,  adopted 
Hayford' s  ellipsoid  (as  determined  by  his  solution  G)  as  the  basis 
of  an  international  ellipsoid  of  reference. 

The  parameters  of  the  Hayford  ellipsoid  do  not  differ  great- 
ly from  those  of  the  Clarke  spheroid.  Therefore,  in  view  of  the 
very  large  number  of  geographic  positions  already  established  in 
North  America  based  upon  the  Clarke  spheroid  it  is  inexpedient  to 
make  a  change  requiring  many  years  of  recom.putation,  accompanied 
by  much  confusion  in  attempting  the  simultaneous  use  of  two  sets 
of  geographic  coordinates. 

The  Early  History  of  the  U.S.  Coast  Survey 

Speculation  upon  the  origin  of  interest  in  precise  surveys  of 
the  shore  lines  of  the  then  recently  established  United  States 
seems  to  point  to  Thomas  Jefferson,  whose  observations  while  Am- 
bassador to  France,  of  the  useful  results  obtained  by  French  sur- 
veyors attached  to  armies  within  and  beyond  the  boundaries  of  the 
country  attracted  his  attention. 

The  legislation  by  Congress  creating  a  Coast  Survey  was  passed 
at  Washington  February  10,  1807,  President  Jefferson  appointed 
Ferdinand  Rudolph  Hassler  to  develop  a  triangulation  survey  of  the 
Atlantic  Coast.  Mr.  Hassler  had  received  a  thorough  education  in 
astronomy  both  in  Paris  and  Goettingen,  and  in  1791  had  initiated 
a  triangulition  survey  of  his  native  land,  Switzerland.  Political 
disturbances  compelled  his  emigration  to  the  United  States,  Albert 
Gallatin, who  was  Secretary  of  the  Treasury  in  President  Jefferson's 
cabinet,  and  also  a  Swiss,  probably  endorsed  his  countryman  as  the 
one  most  competent  for  the  new  work. 

Instruments   and  technical   books  necessary  to  begin  the  work 
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could  only  be  procured  in  the  old  vforld.  At  this  time  transatlan- 
tic travel  was  made  doubly  hazardous  by  the  British  practice  of 
impressinc  able-bodied  seamen  and  passengers  into  their  naval  ser- 
vice. During  the  delay  of  his  journey  on  this  account,  the  newly 
appointed  Superintendent  of  the  Coast  Survey  vro.s  assigned  to  Vlfest 
Point  as  professor  of  mathematics.  In  1811  President  Kadison  sent 
him  to  England  to  purchase  surveying  equipment.  The  irar  of  1812 
intervened  and  financial  difficulties  delayed  his  return  until  the 
fall  of  1815,  when  having  secured  his  equipment  he  had  to  pay  20% 
for  funds  to  prepay  freight  and  return  passage. 

Upon  his  return,  work  vra.s  begun  early  in  1816,  upon  a  base- 
line in  NexiT  Jersey  and  continued  through  1817  and  into  1818.  Con- 
gress then  amended  the  lav;  creating  the  survey  by  adding  the  re- 
striction that  none  but  Army  or  Navy  officers  should  be  employed 
therein.  To  compensate  Professor  Hassler  for  his  separation  from 
the  Coast  Survey  he  was  appointed  to  the  commission  to  survey  the 
northeastern  boundary  line. 

The  Coast  Survey  progress  for  the  ensuing  fourteen  years  vra.s 
greatly  hampered  by  lack  of  coordination  and  skillful  scientific 
supervision.  The  results  were  unsatisfactory  for  a  variety  of 
reasons.  In  1832  Congress  again  amended  the  law  to  permit  a  civi- 
lian to  head  the  organization.  Mr.  Hassler  was  again  placed  in 
full  responsibility.  A  nov/  baseline  vro.s  begun  on  Long  Island  and 
the  triangulation  extended  eastvro.rd  and  south\irard.  Mr.  Hassler 
made  the  observations  for  the  primary  triangul'tion  v^hilc  subor- 
dinate officers  made  the  secondary  nets. 

Very  little  money  had  ever  been  provided  in  any  year  for 
coast  survey  activities  and  proportionally  small  results  had  been 
attained  up  to  and  including  1835.  The  survey  had  been  a  shuttle 
cock  bctvroen  the  army,  the  navy,  the  treasury  department  end  the 
presidents.  It  had  no  separate  winter  quarters.  Field  notes  vrcrc 
apportioned  to  the  engineers  to  take  to  their  homes  and  there  vrork 
up  the  results  during  the  winter. 

The  potential  value  of  coastal  surveys  v;as  impressed  upon 
the  mercantile  miad  virhen  in  1835  Naval  Lieut.  Gedney  in  command  of 
a  sounding  party  discovered  a  new  channel  for  shipping  entering 
New  York  Harbor.  The  shipping  interests  of  the  port  of  Nev:  York, 
100  years  ago,  estimated  an  annual  saving  of  ()50, 000.00  directly 
due  to  the  deeper  and  safer  channel  disclosed  by  the  v/ork  of  the 
U.S.  Coast  Survey.  Thereafter  -the  demand  for  surveys  along  the 
coast  brought  about  an  increase  in  appropriations  by  Congress  and 
an  enlargement  of  personnel  with  separate  quarters  in  Yfeshington 
adjacent  to  the  Bureau  of  ITeights  and  Measures,  of  vrhich  Professor 
Hassler  had  been  Superintendent  since  1829, 

Superintendent  Hassler*s  superior  scientific  knov;ledge  and 
capacity  for  painstaking  effort   compelled  him  to  produce  results 
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of  the  highest  order  in  all  work  which  he  undertook.  Unfortunate- 
ly his  lack  of  diploraacy  in  his  official  contacts  virith  those  not 
sympathetic  with  his  requirements  for  time  and  equipment  necessary 
to  secure  positive  verification  of  all  results  before  issuing  maps 
and  reports  hampered  the  progress  of  his  surveys.  Notwithstanding 
the  vicissitudes  caused  by  these  conflicting  qualities  of  its 
superintendent  the  Coast  Survey  was  solidly  established  on  poraia- 
nent  sciontific  foundations  vrhen  death  terminated  his  superintend- 
ency  in  1843. 


Progress  of  the  U.S.  Coast  and  Geodetic  Survey 

The  territorial  extent  of  the  United  States  vras  vastly  in- 
creased by  the  Louisiana  purchase  in  1803.  Subsequently  other  ad- 
ditions extended  the  country  to  the  Pacific  Ocean  and  to  Alaska. 
The  vrork  of  the  Coast  Survey  was  augraented  to  include  geodetic  de- 
termination of  the  physical  geography  of  the  coimtry.  Officers  of 
the  Navy  continued  the  hydrographic  and  terrestrial  surveys  along 
the  coasts  while  officers  of  Army  units,  accompanying  exploration 
expeditions  made  disconnected  surveys  throughout  the  interior. 

Greater  progress  in  connected  arcs  of  triangulation  was  made 
along  both  coasts  and  principal  river  basins  than  v;as  possible 
across  the  country  since  pacification  and  settlement  of  western 
areas  proceeded  slowly.  Insofar  as  possible  regional  progress  was 
made  v/ith  diECon:.iected  arcs  of  triangti.lation.  As  those  nets  in- 
creased in  niAmber  and  extent  it  became  necessary  to  choose  para- 
meters. In  1880  at  a  conference  of  engineers  reprtjsenting  the 
government  departments  interested  in  geodetic  surveys  the  Clarke 
spheroid  was  adopted.  The  Clarke  spheroid  was  developed  upon  ex- 
tended arc  measurements  in  all  parts  of  the  country  and  is  sup- 
posed to  conform  better  to  the  compact  area  of  the  United  States 
than  the  Bessel  spheroid  previously  in  use. 

In  1889  all  departments  of  the  United  States  Government  ad- 
opted a  standard  datui'ii  for  the  control  of  all  geographic  surveys. 
The  locus  was"Meade's  Ranch"a  triangulation  station  in  central 
Kansas.  The  adopted  geographical  coordinates  of  this  st9.tion  are 
as  follows: 

Latitude   39"^  13'  26.686" 
Longitude  98"  32 «  30.501" 

In  1913  the  governments  of  Mexico  and  Canada  adopted  the  United 
States  Datum  for  the  control  of  their  geographic  surveys.  Since 
the  joint  territory  of  the  three  countries  comprised  almost  the 
entire  continent  of  North  America  the  joint  Datum  v;as  renamed  the 
North  American  Datum. 

With  the  adoption  of  the  United  States  standard  datum,   plans 
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■w@ro  made  to  close  t'.ie  existing  gaps  in  first  order  triangulation 
aros  and  complete  ad  itional  ones  along  the  borders  and  across  the 
country  from  east  tc  v/est  and  north  to  south.  Upon  completion  of 
this  vrork,  it  would  •":.ien  be  possible  to  adjust  and  correct  the  po- 
sition of  each  tria  i£-i:lation  station  throughout  the  country  on  the 
datum  adopted. 

In  1926  the  U.S.  Coast  and  Geodetic  Survey  had  completed  suf- 
ficient arcs  of  triapgulation  across  the  United  States,  in  both 
latitude  and  longitude,  to  permit  a  satisfactory  final  adjustment 
of  the  position  of  e  ch  first  and  second  order  triangulation  sta- 
tion throughout  the  country.  The  standard  datura  adopted  in  1089 
is  fixed.  The  19  .7  adjustment  modifies  the  fixed  position  of 
local  stations  user,  as  a  local  dat\am. 

This  final  aajusbment  causes  a  small  correction  of  the  already 
determined  position  in  longitude  and  latitude  at  each  station.  All 
stations  vdiich  >.aV'j  received  final  adjustment  are  identified  as 
upon  the  1927  '  ijorth  /-jnerican  Datum.  The  addition  of  "1927  Datum" 
distinguishes  .adjusted  stations  from  unadjusted  stations.  The 
positions  of  .'ill  points  given  in  state  or  national  publications 
issued  prior  i5o  1927  are  uncorrected  positions.  This  is  also  true 
of  the  positions  given  in  later  publications  unless  identified  as 
"1927  Daturr". 


Lambert  Conformal  Conic  Projection 

Tb.e  transfer  of  the  position  of  a  point  on  the  earth's  surface 
to  an  ibquivalent  position  on  the  plane  of  projection  is  accomplish- 
ed by  means  of  formulae  expressing  the  relation  of  elements  in  the 
surffjLce  of  a  cone  of  revolution  (plane  of  projection)  to  elements 
in  ■i;,he  ellipsoid  of  revolution  (surface  of  the  earth)  which  in- 
ter'sect  at  tvro  selected  parallel  circumferential  circles jpredicated 
up^jn  t\vo  conditions  that  (1)  the  minor  (polar)  axis  of  the  earth 
ajflid  the  axis  of  the  cone  of  revolution  are  a  common  line  (2)  the 
Jjlanes  of  the  two  circumferential  circles  are  perpendicular  to  the 
common  line  and  hence  are  parallels  of  latitude  common  to  both 
geometric  figures  and  are  denoted  as  standard  parallels.  These 
conditions  establish  geometric   relations  between  the  two  figures. 

The  terrestrial  meridian  lines  of  longitude  form  great  circles 
around  the  earth  and  are  elements  of  the  ellipsoid.  The  plane  of 
each  great  circle  passes  through  the  polar  axis  virhich  is  also  (con- 
dition 1)  the  axis  of  the  cone  of  revolution.  These  planes  extend- 
ed pass  through  the  apex  of  the  cone  and  cut  the  surface  of  the 
cone  of  revolution  along  lines  which  are  elements  of  the  cone. 
Hence  the  angular  measurement  of  the  divergence  of  two  meridians  of 
longitude  is  equal  to  the  angular  divergence  of  the  two  elements  in 
the  surface  of  the  cone  determined  by  the  intercepting  planes 
through  the  meridians. 
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The  great  circle  around  the  earth  at  the  equator  is  designated 
zero  latitude.  The  plane  of  this  circle  is  at  right  angles  to  the 
polar  axis  mth  the  center  of  the  circle  on  the  polar  axis.  Pass- 
ing from  the  equator  to  the  pole  the  planes  through  the  successive 
circles  of  latitude  are  perpendicular  to  the  polar  axis  (condition 
2).  These  parallel  planes  intersect  the  surface  of  the  ellip:;oid 
(the  earth)  and  the  surface  of  the  cone  of  revolution  (the  plane  of 
projection)  in  concentric  circles.  The  center  of  each  circle  on 
the  ellipsoid  is  on  the  polar  rj-cis  where  it  passes  through  the  plane 
of  the  circle,  while  the  center  of  all  circles  on  the  cone  are 
at  the  apex  of  the  cone  which  is  also  on  the  polar  axis  (condition 

1). 

These  geometrical  conditions  establish  the  means  of  transfer- 
ring, in  true  proportion, to  the  plrjne  of  projection  the  relation  of 
the  parallels  of  latitude  and  the  divergent  meridians  of  longitude 
by  which  the  position  of  points  upon  the  earth  are  defined.  The 
trace  of  the  lines  representing  the  elements  and  circles  upon  the 
cone  form  a  grid  of  lines  fixed  in  relation  to  each  other,  and  also 
fixed  in  their  relation  to  the  geographic  grid  upon  the  earth.  The 
apex  of  the  cone  is  the  grid  noi'th  of  the  plane  of  projection. 

Since  the  ollipsoid  mu.st  be  a  symmetrical  figure  the  influence 
of  differences  in  lend  elevations  is  eliminated  by  reducing  all 
measurements  between  points  on  the  earth's  surface  to  true  dis- 
tances at  meaja  sea  level.  Measurements  of  gree.t  length  upon  the 
plane  of  projection  must  be  corrected  for  curvature  of  the  earth's 
surface  to  obtain  true  distance  on  the  earth  between  points. 

Any  attempt  to  illustrate  bj'-  diagram  on  tho  printed  page  a 
plane  of  projection  devolopod  by  the  intersection  of  an  imaginary 
cone  of  revolution  with  the  sphere  of  the  earth  is  a  distortion 
greatly  magnified  by  the  relative  size  of  the  diagram  to  the  size 
of  the  earth.  The  imagination  must  be  applied  to  visualize  the  true 
relation  of  the  earth's  surface  to  any  plane  of  projection. 

This  distortion  of  distances  may  be  more  readily  understood  by 
considering  each  point  on  the  cui'^ed  surface  of  the  earth  as  the 
terminus  of  a  radius  of  the  spheroid.  The  radii  to  all  points  on 
the  surface  between  the  standard  parallels  pierce  the  plane  of  pro- 
jection. The  distance  between  the  two  radii  measured  on  the  plane 
viTill  be  shorter  than  between  the  ends  of  the  radii  at  the  curved 
surface  above  the  plane.  The  radii  to  all  points  on  the  surface 
outside  of  the  standard  parallels  must  be  projected  beyond  the  sur- 
face to  the  plane  and  the  distance  betvreen  the  radii  measured  on 
the  plane  will  be  longer  than  the  distance  between  them  measured  on 
the  surface  of  the  earth. 

On  the  Lambert  Conformal  Conic  Projection  of  the  State  of 
Massachusetts  the  angular  relation  of  points  on  the  plane  conform 
to  the  angular  relation  of  identical  points  on  the  earth's  surface 
and  are  equal  when  relatively  small  areas  are  considered.   Distance 
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measurements  alonp  the  two  lines  comraon  to  both  the  conic  section 
and  the  snheroid  (the  staiidard  parallels  of  latitxjde)  are  true  dis- 
tances. Distances  measured  between  points  on  the  plane  betvreen  the 
standard  parallels  will  be  shorter  than  true  distances.  The  maxi- 
mum error  will  occur  along  the  latitude  approximately  midway  be- 
tvreen the  standard  parallels  and  is  expressed  by  the  ratio  1:28, COO. 
Distance  measurements  between  points  on  the  plane  outside  of  the 
standard  parallels  will  be  longer  than  true  distance  and  will  in- 
crease in  error  to  a  maximum  between  points  on  the  state  borders 
expressed  by  the  ratio  1:26,000.  The  maximum  error  in  scaling  dis- 
tances on  the  projection  mil  not  exceed  one  foot  in  five  miles. 


Choice  of  Projection  Methods 

A  map  is  a  plane  s^^rface  upon  which  is  shovm  the  relation  of 
points  on  the  curved  surface  of  the  earth.  The  relative  accuracy 
of  any  map  depends  upon  the  method  of  projection  adopted  and  the 
extent  of  territory  to  be  included  within  its  limits.  The  sm.aller 
the  territorial  area,  the  greater  the  degree  of  accuracy  at  the  ex- 
t  reme  s . 

In  the  fall  of  1933,  the  U.S.  Coast  and  Geodetic  Survey  was 
called  upon  to  prepare  the  basic  data  upon  which  to  establish  a 
Local  Control  Survey  in  each  state  under  the  Civil  Vforks  Admini- 
stration. This  objective  had  long  been  contemplated  and  a  prompt 
response  was  made. 

The  geographic  figure  of  each  state  presented  a  separate  prob- 
lem in  projection.  Those  with  a  narrow  east-west  dimension  could 
bo  completely  shoi/vn  on  a  Transverse  Mercator  Projection  whilo  those 
with  a  narrov/  north-south  dimension  could  be  comiplctely  shovm  on  a 
Lambert  Projection.  Those  states  exceeding  the  critical  dimension 
require  two  or  more  planes  of  projection  to  maintain  an  acceptable 
error  in  scale  distances. 

In  the  Transverse  Mercator  projection  standard  small  circles 
are  selected  equidistant  from  the  meridian  of  longitude  passing 
through  the  center  of  the  figure.  The  development  of  the  plane  of 
projection  and  the  transfer  of  terrestrial  points  to  the  plane  is 
similar  to  that  pursued  in  the  Lambert  Conformal  Conic  Projection, 
Both  methods, approximately  attain  preservation  of  angles  a.t  a  small 
sacrifice  of  accuracy  in  scale  provided  the  representation  does  not 
go  beyond  the  critical  dimension  of  the  projection.  The  choice  of 
projection  depends  upon  the  relative  geographic  dimensions  of  the 
area  to  be  represented  8.nd  the  error  in  scale  to  be  accepted. 

Since  the  maximum  error  of  closure  accepted  in  Second  Order 
Traverse  is  1:10000  it  is  natural  to  adopt  this  criterion  as  the 
maximum  error  in  scale  acceptable  for  distances  on  the  projection. 
Applying  this  criterion  for  the  limit  of  error  in  scale  it  is 
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found  that  the  ratio  will  not  be  exceeded  on  a  Lambert  Confomal 
Conic  Projection  when  the  north-south  distance  of  the  area  to  be 
represented  does  not  exceed  158  miles.  Likewise  on  a  Transverse 
Mercator  Projection  the  east-west  dimension  must  also  not  exceed 
158  miles.  This  is  the  critical  dimension  in  one  direction  which 
may  not  be  exceeded  if  we  wish  to  confine  error  in  scale  on  the  map 
to  the  limit  of  error  in  closure  adopted  for  traverses.  As  the 
critical  dimension  is  exceeded  the  error  in  scale  increases  rapid- 
ly. If  both  dimensions  of  the  area  to  be  mapped  exceed  the  criti- 
cal dimension  then  two  or  more  projections  will  be  required  to  hold 
the  scale  ratio  to  an  acceptable  limit. 

The  adoption  of  either  of  these  methods  of  projection  provides 
a  single  s^/stem  of  plane  coordinates  for  the  entire  area.  After 
the  geographic  coordinates  of  the  triangulation  stations  (primary 
control)  are  converted  to  plane  coordinates  the  computations  to 
determine  the  position  of  all  intermediate  points  established  by 
traverse  (Local  Control  Stations)  is  simplified  without  any  sacri- 
fice in  accuracy. 

Geodetic  position,  expressed  by  plane  coordinates  on  the  sys- 
tem adopted  for  the  designated  area,  is  equivalent  in  precision 
and  accuracy  to  that  expressed  by  geodetic  coordinates.  Conversion 
of  the  plane  coordinstes  of  a  newly  established  station  to  geodetic 
coordinates  is  readily  accomplished  by  conversion  computations. 
Land  Courts  have  accepted  and  approved  this  system  of  defining  the 
position  of  bovmdarj/'  markers  for  small  or  large  tracts  of  land. 
The  system  will  be  extensively  used  in  future  surveys  throughout 
the  country. 
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Plane  Coordinate  Data  in  Massachusetts 

The  Lambert  projection  adopted  for  spreading  Local  Control 
Stations  throughout  Massachusetts  is  based  on  a  geographical  frame 
selected  with  particular  reference  to  the  shape  and  area  of  the 
state.  The  frame  consists  of  two  standard  parallels  of  latitude 
held  true  to  scale  and  a  central  meridian  of  longitude.  The  north- 
south  dimension  of  continental  Massachusetts  is  considerably  less 
than  the  critical  dimension  (see  page  22)  with  consequent  reduction 
of  error  in  scale  distances. 

In  order  that  the  scale  ratio  applied  to  distances  at  the 
middle  of  the  state  shall  be  equivalent,  although  of  opposite  sign, 
to  the  scale  ratio  applied  to  distances  along  the  northern  and 
southern  boundaries  it  is  necessary  to  select  the  two  standard 
parallels  of  latitude  at  distances  from  the  most  northerly  and 
southerly  points  approximately  equal  to  one  sixth  of  the  north- 
south  dimension  of  the  state.  Consequently  the  north  latitudes  of 
41°  43'  and  42°  41'  wero  selected  together  with  the  meridian  of 
west  longitude  of  71°  30'. 

The  geographic  frame  of  a  Lambert  projection  for  the  insular 
territory  of  Massachusetts  was  similarly  selected.  The  standard 
parallels  of  41°  171  and  41°  29'  together  with  the  meridian  of  70° 
30'  form  the  frame.  The  latter  projection  excellently  illustrates 
the  decrease  in  scale  ratio  which  accompanies  a  decrease  in  the 
area  mapped. 

The  plane  of  projection  is  formed  by  a  cone  of  revolution  in- 
tercepting the  earth's  surface  along  two  standard  parallels  of 
latitude.  The  apex  of  the  cone  is  on  the  axis  of  the  earth  pro- 
jected through  the  north  pole  into  space.  The  two  standard  paral- 
lels of  latitude  aro  41°  431  OO"  north  and  42°  41 t  OO"  north.  The 
imaginary  cone  of  projection  passes  beneath  the  earth's  surface  be- 
tween those  parallels  and  above  the  earth's  surface  north  and  south 
of  them  rcspoctivuly.  Approximately  two  thirds  of  the  distance-  be- 
tween the  extreme  northerly  and  southerly  continental  points  in  the 
state  lie  between  the  parallels.  The  remainder  is  equally  divided 
and  lies  north  and  south  of  them  rcspoctivoly. 

Distances  between  points  on  the  plane  between  the  standard 
parallels  are  shorter  than  the  distances  betvreen  the  same  points  on 
the  surface  of  the  earth,  while  outside  of  the  standard  parallels 
distances  between  points  on  the  plane  are  longer  than  the  distance 
between  the  same  points  on  the  s^irface  of  the  earth.  Only  dis- 
tances bctvreen  points  along  the  two  standard  parallels  are  true 
distances  and  therefore  equal  upon  both  the  plane  of  projection  and 
upon  "Che  surface  of  the  earth.  The  angles  between  lines  connecting 
points  upon  the  plane  are  approximately  equal  to  the  angles  between 
the  lines  connecting  the  identical  points  on  the  earth's  surface. 
This  equality  of  angles  is  denoted  as  conforraal. 
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The  U.  S.  Coast  and  Geodetic  Survey  selected  the  state  projec- 
tion and  prepared  the  Plane  Coordinate  Projection  tables  to  facili- 
tate the  computations  necessary  to  transfer  a  point  on  the  earth's 
surface,  defined  by  geographic  coordinates,  to  an  equivalent  posi- 
tion on  the  plane  of  projection  defined  by  numerical  coordinates 
developed  on  the  single  state  system.  The  table  for  changes  in 
latitude  gives  the  numerical  value  of  the  radius  and  Y  Coordinate 
on  the  plane  of  projection  for  each  minute  of  change,  together  with 
the  tabular  difference  per  second  for  change  in  the  Y  Coordinate 
and  correction  for  scale  with  their  respective  logarithmic  expres- 
sion. The  table  for  changes  in  longitude  gives  the  change  in  the 
divergent  angle  for  each  minute.  These  tables  and  an  acceptable 
manual  of  logarithms,  expressed  to  eight  decimal  places,  equip  the 
computer  to  convert  geographic  coordinates  to  plane  coordinates. 

The  meridian  through  the  origin  might  be  ^ised  as  the  Prime 
Meridian,  but  to  reduce  the  mechanical  labor  in  applying  interpola- 
tions in  logarithmic  tables  it  will  facilitate  computations  to  se- 
lect, in  this  case,  the  meridian  of  west  longitude  71°  30*  located 
just  east  of  the  central  point  of  the  state  and  assign  to  it  the  X 
coordinate  value  of  600,000  feet  which  places  the  origin  on  a  me- 
ridian west  of  the  most  westerly  limits  of  the  state.  Selecting 
the  parallel  of  north  latitude  of  41°  00'  south  of  the  most  south- 
erly point,  places  the  origin  of  coordinates  for  the  single  state 
system  of  coordinates,  at  the  intersection  of  this  latitude  with 
the  meridian  which  lies  600,000  feet  west  of  the  Prime  Meridian. 

The  available  published  records  of  the  geographical  position 
of  all  established  triangulation  stations  in  the  state  were  based 
on  the  North  American  datum.  It  was  therefore  necessary  to  apply 
to  each  station,  as  it  was  used,  a  correction  to  the  published  po- 
sition to  place  it  \ipon  the  adjusted  1927  North  American  datvmi. 
The  rapid  determination  of  the  amount  of  correction  to  be  applied 
to  a  given  point  was  facilitated  by  the  construction  of  a  correc- 
tion chart  based  upon  a  selected  group  of  adjusted  first  order  sta- 
tions furnished  by  the  U.  S.  Coast  and  Geodetic  Survey. 


These  stations  were  plotted  in  correct  position  on  an  accurate 
map  of  the  state  and  the  amount  of  the  difference  in  latitude  and 
longitude  betvreen  the  North  American  datum  and  the  1927  North  Amer- 
ican datum  noted.  These  points  were  connected  by  direction  lines 
which  were  divided  into  equivalent  parts  representing  the  lonits  of 
difference  in  latitude  between  the  stations.  These  subdivisions 
established  points  of  equal  correction  along  the  direction  lines. 
Those  points  were  connected  to  equivalent  points  on  adjacent  direc- 
tion lines.  The  space  between  the  connecting  lines  defined  an  area 
within  which  all  stations  receive  equivalent  correction  in  lati- 
tude. The  distribution  of  the  corrections  in  longitude  were  simi- 
larly determined. 
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After  all  direction  lines  coraiecting  the  severt^l  stations,  and 
the  parallel  lines  joining  equivalent  divisions  on  the  direction 
lines  had  been  dra\vn,  the  map  became  a  chart  showing  the  amount  of 
correction  (both  in  latitude  and  longitude)  to  be  applied  to  the 
geographical  coordinates  of  points  included  between  the  parallels. 

Plotting  the  position  of  a  point  (defined  by  geographical  co- 
ordinates on  the  North  American  datum)  places  it  in  one  of  the 
numerous  areas  enclosed  by  the  parallels.  Thus  the  amount  of  cor- 
rection (in  decimals  of  a  second,  for  both  latitude  and  longitude), 
is  determined  and  the  position  of  the  point  adjusted  to  the  1927 
North  American  datum. 

This  chart,  dependable  within  certain  limits,  provided  a  quick 
means  of  closely  ascertaining  the  correction  necessary  for  each  of 
thousands  of  stations  already  established  within  the  state  and  per- 
mitted their  immediate  use  in  the  determination  of  the  geodetic 
position  of  all  local  control  stations  directly  upon  the  1927  North 
American  datum. 

This  briefly  describes  the  development  of  a  convenient  system 
of  plane  coordinates  by  means  of  ivhich  the  geodetic  position  of  any 
point  in  the  state  is  accurately  determined.  The  work  of  the  Mass- 
achusetts Geodetic  Survey  is  bringing  the  advantages  of  geodetic 
control  into  every  locality.  It  remains  for  the  separate  commun- 
ities to  make  the  system  locally  effective. 


Scientific  Horizontal  and  Vortical  Control 

Scientific  precision  in  geodetic  surveys  is  obtained  through 
conscientious  observation  and  record  of  every  detail  which  has  def- 
inite influence  on  the  accuracy  of  results.  It  embraces  the  im- 
provement and  perfection  of  methods  and  instruments,  used  in  both 
field  and  office,  which  are  peculiar  to  the  determination  of  the 
fixed  position  of  terrestrial  points. 

Control  of  angular  measurements  in  a  triangulation  chain  is 
secured  by  including  a  Laplace  azimuth  station  in  the  chain.  Con- 
trol of  distances  is  secured  hy  basing  the  chain  on  the  length  of 
a  measured  line.  The  length  of  the  base  line  is  carefully  deter- 
mined by  precision  equipment  in  the  hands  of  a  trained  crew.  The 
ends  of  the  line  must  be  intervisible  and  also  intervisible  with 
two  other  carefully  selected  stations  in  the  chain. 

Horizontal  control  (in  nautical  and  terrestrial  surveys)  is 
the  ability  to  accurately  determine  the  position  of  a  new  point,  in 
relation  to  other  known  points  fixed  in  position  upon  the  sa:ae 
plane.  The  usual  plane  adopted  is  sea  level,  which  serves  as  the 
datum  for  both  horizontal  and  vertical  control.  Careful  astronomi- 
cal observations  have  determined  the  exact  geographic  position  of 
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priraary  points  .from  which  the  positions  of  successive  stations  in  a 
triangulation  chain  are  established. 

Each  triangulation  station  in  the  chain  is  successively  occu- 
pied and  observations  made  of  the  angles  forired  by  direction  lines 
connecting  the  occupied  sbation  with  other  stations.  The  measured 
baseline  and  observed  angles  are  the  data  upon  which  computations 
are  made  to  successively  deteraiine  the  fixed  position  of  each  sta- 
tion in  the  chain.  The  computations  include  corrections  for  curva- 
tiire  of  the  earth,  spherical  excess,  and  differences  in  elevo.tion 
between  stations  together  with  corrections  for  refraction  and  other 
influences  which  affect  accuracy  of  target  observations. 

In  Massachusetts  Mr,  Simeon  D.  Bordon  measured  a  base  line 
39,009.73  feet  long  upon  the  plain  lying  west  of  the  Coniiecbicut 
River  in  the  towns  of  Hatfield,  Whately  and  Deerfield.  From  this 
base  line  there  was  developed  a  net  vrark  of  triangulation  contain- 
ing about  550  stations.  This  work  was  done  from  1831-1841.  Ilany 
of  Mr,  Borden's  stations  were  included  in  a  subsequent  triangula- 
tion by  the  U.  S.  Coast  Sui^vey  whicli  v/as  made  a  few  years  later. 

Beginning  in  1844,  the  U.  S.  Coast  Survey  measured  a  base  line 
along  the  railroad  tangent  of  the  Boston  and  Providence  Railroad 
running  through  the  tovms  of  Attleboro  and  Mansfield  ending  in  the 
southeast  part  of  Foxborough.  Upon  this  base  line  (10.75  miles 
long)  there  was  developed  a  net  of  first  order  triangulation  em- 
bracing the  Taunton,  Connecticut  and  Merrimac  River  basins  and  also 
Buzzards  Bay,  Martha's  Vineyard,  Nantucket,  the  Cape  and  Massachu- 
setts Bay,  This  work  was  carried  on  from  1844-1847.  The  measured 
base  used  and  the  precise  stations  occupied  in  this  triojigulation 
net  are  shavm   in  the  illustration  "Precise  Triangulation." 

florizontal  control  offers  a  check  on  the  accuracy  of  results 
obtained  in  any  class  of  land  survey.  The  control  establishes  the 
amo\Hit  of  error- in-closure  vrhich,  if  virithin  permissible  limits,  may 
be  apportioned  and  distributed  through  the  several  courses  of  the 
traverse.  These  adjustments  detemiine  the  final  position  of  points 
established. 

Vertical  control  is  the  ability  to  accurately  determine  rela- 
tive elevations.  This  control  is  obtained  by  selecting  a  single 
datimi  to  ¥;hich  all  elevations  are  referred.  The  relative  heights 
of  joints  on  the  surface  of  the  earth  can  most  accurately  be  deter- 
mined by  precise  leveling  and  the  most  satisfactory  datum  is  mean 
sea  level.  This  datum  has  been  determined  by  averaging  the  obser- 
vations secured  by  continuous  automatic  tide-gage  recoi-dings  of 
the  hourly  rise  and  fall  of  conseciitive  daily  tides  throughout  a 
period  of  years.  Seasonal  chonges  and  fluctuations  duo  to  meteoro- 
logical disturbances  are  embraced  in  the  obser-vations  and  their 
influence  evaluated  in  the  final  determination. 
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The  U.  S.  Coast  and  Geodetic  Survey  has  maintained  the  tidal 
gaging  stations  and  is  sponsor  for  the  datum  to  which  the  value  of 
zero  is  assigried.  It  has  carried  this  datum  to,  and  established 
many  authentic  bench  marks  at, inland  points  by  means  of  lines  (sur- 
veys) of  first  order  leveling,  on  which  superior  instrumental  and 
accessory  equipment  is  exclusively  employed.  A  check  on  the  ac- 
curacy of  the  elevations  determined  is  constantly  maintained  by  ex- 
tending the  level  lines  in  closed  circuits.  The  allowable  error  in 
closure  of  a  first  order  circuit  must  be  within  the  product  ob- 
tained from  multiplying  seventeen  thousandths  of  a  foot  by  the 
square  root  of  the  circuit  mileage*  This  is  expressed  by  the  equa- 
tion: 


Error  in  closure  =  .017  ft.   X  V  distance  in  miles 


Fischer  Precise  Level 

The  Massachusetts  Geodetic  Survey  has  up  to  the  present  time 
had  only  instrumental  and  accessory  equipment  suitable  for  second 
order  leveling.  However  before  this  report  is  printed  the  survey 
will  have  two  precise  level  parties  in  the  field.  The  first  order 
bench  marks  established  by  the  U,  S.  Coast  and  Geodetic  Survey  af- 
ford control  for  the  lines  of  second  order  levels  run  by  the  Mass- 
achusetts Geodetic  Survey.  The  initial  and  terminal  stations  of 
these  lines  are  first  order  bench  marks.  To  be  certain  that  these 
benches  have  not  been  disturbed  the  lines  are  extended  at  both 
ends  to  the  next  nearest  first  order  bench  for  a  check.  The  allow- 
able error  in  closure  of  a  second  order  circuit  must  be  within  the 
product  obtained  from  multiplying  four  hundredths  of  a  foot  by  the 
square  root  of  the  circuit  mileage  expressed  by  the  equation: 


Error  in  closure   =  .04  ft,   X  V  distance  in  miles 


Plane  Coordinates 

Geodetic  positions  of  points  on  the  earth's  surface  are  refer- 
enced and  defined  by  spherical  coordinates,   expressed  in  degrees. 
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minutes,  and  seconds  of  latitude  and  lonp;itude.  Positions  thus  de- 
fined are  recoverable  ejid  are  denirnated  as  fixed.  The  ccnplicated 
computations  required  to  calculate  the  positions  of  points  defined 
by  .spherical  coordinates  preclude  its  application  to  minor  place 
surveys.  Therefore  resort  must  be  had  to  a  method  simple  in  appli- 
cation, and  of  equal  precision  by  which  fixed  geodetic  positions 
may  be  readily  determined. 

This  page  affords  a  simple  illustration  of  the  use  of  plane 
coordinates  to  determine  the  relation  of  points.  The  loft  ar.d  bot- 
tom edr-.s  are  reference  lines  for  the  piano  of  the  pa;;e.  T^o  in- 
tersection of  those  edj^es  at  the  lower  left  corner  is  the  point  of 
origin  for  this  miniature  system.  Distances  measured  from  the  left 
edge  are  called  X  coordinates.  Those  from  the  bottom  of  the  page 
arc  called  Y  coordinates, 

A  point  is  fixed  in  position  on  th^j  pa(-;e  by  the  nur,iorical 
value  of  both  coordinates.  Other  numerical  values  fix  the  position 
of  a  second  poi-.-t«  The  difference  in  th-  nuiaorical  values  of  the 
respective  coordinates  give  the  lengths  of  the  legs  of  a  ri.'ht  tri- 
angle the  hypothenuso  of  v/hich  is  the  line  betv-eon  the  points. 
Thei-ofore  the  distance  betv/een  the  poi.its  and  the  anglo  vj-hich  the 
lino  between  them  ma'ces  v/ith  the  linef  of  reference  can  bo  deter- 
mined by  inverse  co;,  putation. 

The  relation  of  other  points  on  tho  page  to  th'^su  .'Oints,  in 
distance  ojid  azimuth  a.nd  to  ^ach  oth^r,  m.ay  be  detenained  whi^n 
their  respective  coordinates  aiv  IcnoTm*  Substitute  the  stat^  ref- 
cronco  lines  for  thoso  on  this  page  and  replace  the  paj^je  by  a  nap 
of  thu  state  and  we  have  th^  pleoie  upon  which  state  points  v.iay  be 
located  in  fixed  geodetic  position  by  Larabert  coordinates  expressed 
in  fe>jt. 

Plane  coordinates  have  lonr  Ic-n  in  general  uee  but  alwrys  in 
systems  of  limited  extent,  A  diagram  showing  the  rel:.;tion  of  a 
group  of  points  which  mark  the  bounds  of  a  piocu  of  real  property 
is  plottud  b-  morais  of  coordiriates  coi.putod  by  th.^  usual  latitude 
and  departure  method  using  a  relected  point  of  tho  group  as  the 
origin.  This  is  tho  most  limited  use  of  plane  coordinatos  and  is 
only  suitable  for  the  survey  in  hand.  In  li]:e  manner  a  nlane  co- 
ordinate syster  devised  for  use  by  a  city  or  to''.m  is  limited  in  its 
us.vfulness  to  points  within  thu  toxm, 

Th^  twenty-one  coordinat>.  systems  used  within  the  State  by  the 
Massachusetts  Land  Court  wcro  each  b.cied  upon  tangent  planes  of 
projection  and  for  that  reason  v/<;re  accurate  only  within  narrcvT- 
limits.  yTi-jro  tvro  such  planen  meet  and  overlap  tliey  are  ixiclined 
to  each  other  and  points  unon  op;oosite  sides  of  the  line  of  overlap 
are  dv^finod  by  coordinates  related  to  different  origins.  The  geo- 
detic relation  of  these  peints  can  only  b^  detormivied  by  cempli- 
cated  calciilations.    These  lii.iitr.tions  restrict   the  usefxilness  of 
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all  systems  of  coordinates  based  on  loc:!  tangent  planes.  There- 
fore ths  system  of  plane  coordinatui;  now  established  on  the  conic 
projection  will  replace  all  those  previously  used  by  the  otate  De- 
portments dependent  upon  geodetic  accuracy. 

Triangulat ion 

Triangulation  stations  located  on  prominent  land  marks  have 
long  been  established  in  geographic  position  by  spherical  coordi- 
nates. Their  relation  to  each  other  in  distance  and  direction  has 
been  determined  by  triangulation  surveys.  These  triangulation  sta- 
tions are  controls  for  topographic  surveys  mapping  large  areas. 


10  Second  Theodolite 


The  points  of  physical  prom.inence  usually  selected  for  trian- 
gulation stations  are  often  at  Itnjv  distrjices  from  each  otlier,  and 
frequently  at  locations  difficult  of  access.  They  readily  serve 
however,  as  stations  to  control  the  surveys  required  for  extensive 
public  works,  such  as  water  supplies,  river  control,  h;  rbor  de- 
velopment and  sewage  disposal,  /ery  few  are  available  as  control 
stations  for  l-.cal  surveys  of  lii^ited  areas  such  as  are  required 
for  land  tracts  of  small  or  large  area  located  at  any  distance 
greater  thaii  a  mile  from  the  station. 

The  essential  requirement  for  accurate  triangulation  is  unob- 
structed intervisibility  which  can  only  be  obtrinod  by  occupying 
the  highest  points  or  erecting  costly  towers  to  elevate  the  instru- 
ments above  intervening  obstructions  and  then  waiting  for  suitable 
atmospheric  conditions.  The  atmospheric  conditions  at  night  have 
been  found  to  be  s\ipi.rior  to  those  during  the  day  except  on  rare 
occasions.  For  this  reason  the  larger  part  of  first  and  second 
order  triangulation  work  is  carried  on  at  night  vrith  the  aid  of 
lights  accurately  mounted  above  the  stations  to  be  observed. 
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Triangulation  is  the  most  accurate  laethod  of  determining  dis- 
tances between  widely  r-eparatcd  poirts,  A  series  of  such  points 
interconnected  by  observations  of  angles  formed  by  direction  lines 
between  them,  are  termed  a  triangulation  net.  These  triangulation 
nets  are  developed  from  carefully  measured  base  linos  and  are 
checked  as  they  are  extended  by  means  of  additional  ccrefully 
measured  lines.  The  principle  criterion  to  be  satisfied  is  that 
the  discrepancy  between  the  measured  length  of  a  base  line  and  its 
length  as  computed  through  the  triangulation  net,  from  the  next 
preceeding  base,  shall  not  (after  the  side  and  angle  equations  have 
been  satisfied)  be  greater  than  1  part  in  25,000  of  the  lengtli  of 
the  base  for  first  order  Yrark,  or  1  part  in  10,000  for  second  order 
work,  or  1  part  in  5,000  for  third  order  work.  All  triangulation 
stations  established  or  verified  in  position  by  the  U,  S.  Coast  and 
Geodetic  Survey  were  adopted  for  use  as  control  stations  by  the 
Massachusetts  Geodetic  Survey. 
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Trav-^rfe  Party 


Traverse 


A  traverse  is  the  m^ans  employed  to  determine  the  position  of 
many  intermediate  points  not  visible  from  the  initial  and  terminal 
stations.  The  traverse  method  of  determining  the  position  of 
points  is  less  exact  than  the  triangulation  method.  This  is  duo  to 
the  less  accurate  equipment  employed  in  the  moasi^roment  of  dis- 
tances in  order  that  greater  speed  may  be  attained  in  the  field 
vrork.  The  stations  "Prospect-vfaltham"  and  "Blue  Kill"  are  inter- 
visiblo  under  favorable  atmospheric  conditions,  but  neither  is 
visible  at  majiy  intermediate  points  Virhere  local  control  stations 
now  provide  geodetic  control  determined  by  traverses  between  these 
first  order  stations  find  inturmodiate  second  order  triangulation 
stations. 
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The  ider.l  condition  for  a  traverse  would  be  a  straight  line 
between  selected  stations  cleared  of  all  obstructions  and  ,p-raded  to 
a  uniform  surface.  Obviously  the  cost  of  such  a  method  eliminates 
it  from  consideration  e:ccept  v;here  obtainable  as  in  traverses  along 
sandy  coast  lines.  Inland  traverses  must  be  made  along  courses  re- 
quiring the  least  expenditure  for  preparation.  The  railroads  and 
modern  highways  present  the  best  routes  for  speedy  progress  and 
economical  prosecution  of  field  work.  Thus  a  long  line  may  be  trav- 
ersed under  conditions  that  permit  speed  and  facilitate  accuracy 
except  for  the  comparatively  short  distances  from  railroad  or  high- 
way to  the  chosen  control  stations  Virhich  may  require  advance  prepa- 
ration of  the  course  to  remove  obstructions,  prepare  temporary  sta- 
tions and  provide  satisfactory  conditions  to  complete  the  traverse. 
The  cost  of  field  work  is  kept  low  by  careful  reconnaissance. 

The  linear  measurement  of  consecutive  courses,  together  with 
the  measurement  of  the  angular  change  in  direction  of  each  succes- 
sive course,  form  the  component  parts  of  a  traverse.  Other  points 
may  be  included  by  additional  linear  and  angular  measurements  to 
those  points.  A  traverse  started  and  terminated  at  the  same  point 
is  designated  a  closed  traverse.  A  traverse  between  two  points 
fixed  in  position  on  the  same  coordinate  system  is  also  a  closed 
traverse.  All  points  on  a  closed  traverse  are  controlled  points. 
A  traverse  ending  at  any  point  not  previously  determined  is  desig- 
nated a  disconnected  traverse.  All  points  established  on  a  dis- 
connected traverse  are  designated  as  loose  points.  They  are  with- 
out control. 

The  ranking  of  traverse  work  is  first  order,  second  order, 
third  order.  First  order  vrork  requires  superior  instriJiments  end 
special  field  accessories.  Second  order  work  is  prosecuted  with 
the  standard  surveying  instruments  and  field  equipment  ordinarily 
used  by  surveyors  on  public  and  private  iTOrk.  Accurate  results  are 
obtained  with  this  equipment  when  the  prescribed  standards  are 
rigidly  adhered  to.  The  U.  S.  Coast  and  Geodetic  Survey  has  pre- 
pared a  "Manual  of  Second  and  Third  Order  Triangulation  and  Tr-^-v- 
erse",  published  by  the  U,  S.  Government  Printing  Office  at  Wash- 
ington as  Special  Publication  7rl45.  This  publication  describes  the 
details  of  procedure  followed  by  the  Massachusetts  Geodetic  Survey. 

The  requirements  to  be  met  to  secure  satisfactory  results  in 
traverse  work  follow: - 

1st  order  2nd  order  3rd  order 
Closing  error  in  position  not  to 

exceed  1  in  25000  1  in  1000  1  in  5000 

Probable  error  of  main  scheme 

angles  1,5  sec.    3.0  sec.    6.0  sec. 

Kumber  of  stations  between 

astronomical  azimuths  10  to  15   15  to  25   20  to  35 
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The  I'aGsr.chusv^tts  Gocd^tic  Survey 

Oi'pr.nizod  in  Ducunbor,  1933  under  the  iiraao-  of  tho  H.-rizc^rtc-.l 
ar-d  Virticr.l  Cntrol  Si.irvey  cf  !-'r.ssr'.chuE^tts  by  the  Civil  '!orks  Ad- 
ministration with  the  cooperation  of  t:  e  U,  fJ.  Coast  and  Geodetic 
Survey.  The  respo:.sibility  of  devising  a  sin^^rle  plane  coordinate 
system  for  each  state,  selecting,  a  state  representative  and  fur- 
nishing him  lYith  coir.plete  data  for  developing  a  state-vad^  system 
of  local  control  was  asr.igned  to  the  IJ.  £.  Coast  and  Geodstic  Sur- 
vey office*  In  Ilarch,  1034  the  I*biergency  Relief  Administration 
continued  the  survey  work  under  the  title  of  Local  Control  Survey 
with  no  change  in  adxn.inistrator.  The  same  personnel  has  beer  re- 
tained in  tho  transfer  t-j  the  '  orks  Progress  Administri-tion  but  the 
name  HassD.chusetts  Geodetic  Sujrvey  vias  adonted  and  the  administra- 
tor's title  vfas  chan-- ed  to  that  of  Director.  Throughout  these  suc- 
cessive c?i8ngos  of  name  the  fuD.l  responsibility  for  the  organisa- 
tion has  remained  the  duty  of  Iiir,  E.  C.  lioudlotte,  Senior  Civil 
Engineer  of  the  Massachusetts  Department  of  Public  .'orks.  The 
standards  adopted  by  tho  U.  S,  Coast  and  Geodetic  Survey  for  the 
methods  of  work  in  field  and  office  compel  a  h'-h  degree  of  ac- 
curacy. Tho  field  records  a.nd  office  conrmtations  ..re  forvirarded 
to  "w'ashin';ton,  D,  C.  for  verification  and  publication. 

The  Jlassachusetts  Geodetic  Survey  v^as  created  to  develop  a  key 
to  tho  vast  storu  of  geodetic  irformatior?  available  in  the  state, 
convert  it  into  a  form  for  every  dcoj  use,  and  provide  an  easy  means 
of  replacing  loose  locations  of  locol  land  marks  with  exact  defi- 
nition in  goodoGD  c  position  bj-  plane  coordinates. 

The  work  of  the  Ilassachusetts  Geodetic  Survey  is  solidly  based 
upon  the  published  results  of  prior  trirngulaticn  surveys.  To  pre- 
pare for  economical  and  efficient  prosi^cution  of  the  vrork  of  the 
survey  it  was  noccscary  to  loc  te  and  narae  th.^  position  'f  all 
authentic  triangulate  on  stat.ons  upon  tho  topographic  maps  of  the 
state.  Thus  the  distribution  of  all  g  ;ographic  point;:  of  reference, 
available  cs  control  statio-is,  was  i^resonted  in  a  for.c.  to  facili- 
tate the  important  prelijninary  work  of  reccinnaissancc. 

Reconnaissance  is  the  preparatory  vfork  in  the  office  caid  in 
the  field  to  select  prin'ary  triangulation  stations  as  tl\o  initial 
cjid  tci-minal  control  stations,  to  plan  the  i-;termediato  trr.v-^rso 
route  and  select  the  iocatio:?  of  ao\i  c.ntr<-l  stati.  ns  to  be  estab- 
lished along  the  r.jvt<j. 

Control  surveys  c.nsist  of  trin'i.gulati  .n  or  'craverse  tc  deter- 
mine tho  geographic  pcsitions  c^f  pwriianently  marked  points  (Control 
stations)  vri.th  tho  dir'^cticns  a.nd  dist;'jices  betv.reon  them,  and 
leveling  to  determine  elevations  cf  those  points  v/ith  reference  tto 
a  standard  datwa. 


38 


The  field  work  of  the  Massachusetts  Geodstic  Survey  is  execut- 
ed in  accordancG  ■'jirith  the  standards  of  care  and  accuracy  adopted 
for  Second  Order  Trian,-:ulation  and  Traverse  v;or]c.  All  measureinents 
are  made  v/ith  steel  tanes.  These  tapes  are  standardized  at  monthly 
intervals.  Field  records  include  obseinrations  of  temperature,  dif- 
ferences in  elevation  of  the  ends  of  the  tape  at  supports  and  ten- 
sion applied  to  the  tape  for  each  hundi'ed  feet  measured  or  frac- 
tion thereof.  All  distances  are  measured  once  fon-vard  end  once 
bactn/Tard.  Tvro  to  four  sets  of  angles  are  observed  at  all  principal 
stations  six  times  direct  and  six  times  reverse  and  at  all  second- 
ary stations  are  read  three  times  direct  and  three  times  reverse 
T.dth  the  explement  of  the  an{;,le  also  measured  to  close  the  horizon 
and  offer  a  check  on  horizon  closure  at  all  stations. 

In  the  office  the  field  measurements  are  reduced 5  that  is, 
corrected  for  difference  in  elevation,  for  temperature,  for  sac  as 
indicated  by  the  pull  recorded  and  last  for  error  in  length  of  tape 
as  sho'v^Ti  by  comparison  with  standards.  Finally  the  forward  and 
backward  measurei.ients  are  averaged.  All  angles  are  calculated  and 
adjusted  for  horizon  closure.  Errors  in  measurements  and  in  angles 
exceeding  the  allowable  limit  cause  automatic  rejection  viith  con- 
sequent repetition  of  the  v»ork  in  the  field.  In  addition  the  field 
records  must  include  accurate  descriptions  and  locations  of  all 
monumented  stations  together  virith  sketches  showing  the  progress  of 
the  traverse.  The  field  record  to  be  complete  laust  record  the  date, 
the  time,  the  nurnber  of  the  instrument,  the  number  of  the  tape  and 
the  assigned  duty  of  the  party  personnel.  Each  member  of  the  party 
performs  his  part  of  the  work  \.mder  rules  of  procedure,  based  on 
experience,  which  minimize  the  personal  equation  of  human  error  and 
reduce  the  possibility  of  mechanical  error. 

The  latitude  and  longitude  of  control  stations  are  readily 
converted  to  plane  coor:''inates  and  used  as  the  initial  or  terminal 
station  of  a  traverse.  Starting  v/ith  the  plane  coordinates  of  the 
initial  station  aaad  using  the  table  of  adjusted  azimuths  and  re- 
duced distances  prepared  from  the  field  notes  the  troverse  compu- 
tation proceeds  through  each  course,  by  the  usual  method  of  lati- 
tude and  departure,  to  establish  the  plane  coordinates  of  each  suc- 
ceeding principal  station  of  the  traverse  to  the  closing  (or  texTni- 
nal)  station. 

The  predetermined  coordinates  of  the  closing  station  are  a 
positive  control  on  the  coordinates  obtained  by  the  co".:vortation  of 
the  traverse  as  just  described.  The  error  of  closure  in'  distance 
expressed  as  a  ratio  must  not  be  greater  then  l:li'',000,  or  the 
traverse  is  rejected.  The  discrepancies  in  thu  computed  plane  co- 
ordinates of  traverse  stations  if  within  an  acceptable  error-of- 
closure,  are  proportionally  distributed  to  the  successive  lengths 
of  the  trai'orse.  The  corrections  tiius  applied  to  the  plane  coor- 
dinates complete  the  determination  of  the  fixed  position  of  each 
nontmiontod  station  established  in  the  run  of  the  traverse.   The 


plane  coordinates  thus  deteniiined  establish  the  geoci'aphical  loca- 
tion of  the  station.  The  conversion  to  degrees,  minutes  and  sec- 
onds of  latitude  and  longitude  is  not  necessarj'-  except  to  express 
the  results  in  ternis  of  geographic  reference.  The  traverse  compu- 
tation is  completed  by  making  inverse  calculations  between  inter- 
visible  stations  to  determine  grid  azimuths,  grid  distances  and  di- 
rection angles  in  order  to  list  data  for  future  surveys  started  at 
the  station  or  to  re-establish  the  station  if  disturbed,  mutilated, 
or  destroyed. 

The  completion  of  the  local  control  surveys  throughout  the 
state  v^ill  establish  a  net  vrork  of  intervisible  pennanently  monu- 
mented  geodetic  control  stations,  in  accessible  locations  at  ap- 
proximate intervals  of  two  miles.  The  monuments  will  be  easily 
recoverable  by  means  of  complete  descriptions  of  the  monuments  and 
surrounding  reference  marks.  The  data  available  at  each  station 
vn.ll   include  :- 

1,  X  and  Y  coordinates  which  define  the  geodetic  position. 

2,  Grid  azimuths  to  adjacent  and  other  visible  stations. 

3,  Grid  distances  to  adjacent  and  other  visible  stations. 

4,  Direction  angles  to  adjacent  and  other  visible  stations. 

5,  Elevation  above  mean  sea  level. 

As  rapidly  a.s  the  computation  of  traverses  is  completed  each 
newly  established  control  station  is  entered  upon  the  topographic 
maps  which  already  show  the  distribution  of  the  primary  control 
stations.  In  addition  special  tovm.  maps  are  prepared  and  all 
local  control  stations  are  shown  thereon.  These  maps  are  for  dis- 
tribution to  those  having  occasion  to  use  stations  shovm  thereon. 
The  maps  and  station  data  are  available  without  charge  at  the  of- 
fices of  the  Massachusetts  Geodetic  Survey,  100  Nashua  Street, 
Boston. 

The  work  of  the  Massachusetts  Geodetic  Survey  will  reach  its 
ultimate  purpose  when  land  ovmers  realize  that  the  extent  and  loca- 
tion of  property  is  absolutely  defined  by  describing  the  corners 
thereof  in  fixed  geodetic  position,  and  that  although  all  markers 
may  be  removed,  or  destroyed  with  time,  they  can  be  indisputably 
re-established. 
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Ge;odetic  Control  Established  in  Winthrop 

At  the  request  of  the  Tovm  of  V'inthrop,  and  v^ith  its  coopera- 
tion, the  Massachusetts  Geodetic  Survey  has  established,  by  means 
of  triangulation  and  traverse,  a  thorough  scheme  of  geodetic 
control.  This  was  accomplished  by  mutual  arrangements  whereby  the 
labor  and  materials  necessary  for  the  construction  of  monuments  and 
observation  towers  (where  needed)  were  provided  at  the  expense  of 
the  toAl^al  while  the  field  data  was  procured  and  the  computations  and 
report  made  by  local  control  survey  parties  and  computors.  At  any 
future  time  the  town  may  establish  additional  local  control  sta- 
tions at  small  cost. 

The  special  map  of  "Town  of  lA'inthrop"  shov^rs  the  area  triangu- 
lation net  developed  within  the  arc  triangulation  stations  "Bass 
Point",  "Powder  Horn  3",  "Governor's  Island  4",  and  "Penal".  The 
arc  triangulation  stations  are  the  controls  used  in  the  accurate 
determination  of  the  positions  of  the  triangulation  stations  estab- 
lished in  the  local  area  of  Winthrop. 

The  "Sub-Sketch"  plots   a  closed  second  order  traverse  along 
which  a  series  of  monuiaented  local  control  stations  have  been  estab- 
lished. The  position  of  each  L.C.S.  station  was   accurately  deter- 
mined under  the  control  of  the  initial   station  "Golf"  and  the 
terminal  station  "Court". 

The  position  of  the  magnetic  station  "Magport"  lies  within, 
and  has  been  included  in,  this  area  triangulation  net.  "Magport" 
is  located  at  the  Boston  Municipal  Airport  and  is  used  daily  by  the 
pilots  of  private  and  comm-ercial  planes  to  verify  the  accuracy  of 
the  magnetic  compass  which  is  an  important  part  of  the  instrumental 
equipment  used  in  flight. 

The  geographic  coordinates  and  plane  coordinates  (X  and  Y)  of 
the  triangulation,  traverse  and  magnetic  stations  are  conveniently 
tabulated  in  their  respective  groups.  The  complete  data  at  each  of 
these  stations  is  available  on  individual  translucent  forms  for 
rapid  blue  print  reproduction. 

An  example  of  these  forms  is  separately  illustrated  by  a  re- 
production of  the  form  containing  the  data  available  at  the  local 
control  station  (Traverse  Ste.tion)  48A.  The  description  and  dia- 
gram enable  the  surveyor  to  recover  the  station.  The  direction 
angle,  grid  azimuth  and  distance  provides  the  complete  information 
necessary  to  tie  the  place  survey  of  any  small  property  holding  in 
IVinthrop  to  an  authentically  established  local  control  station  from 
YJ'hich  accurate  determination  caai  be  made  of  the  Massachusetts  plane 
coordinates  of  each  corner  thereof,  also  the  lengths  and  azimuths 
(bearings)  of  the  several  sides.  Provided  that  an  acceptable 
order  of  accuracy  has  been  maintained  in  procuring  field  data  and 
computing  results  no  liti,f:ation  can  be  adversely  sustained. 
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—  MASSACHUSETTS   OEPT.OF  PUBLIC  WORKS  - 

DESCRIPTION  OF  TRAVERSE  STATION 


CITY      OR      TOWN 


'■'fin^hro" 


740,074.67 


NAME     OF     STATION 


4aA   (LCS) 


Abe.   6/6/35 
Acq.  Jto-OSOO 


YEAP 


1934 


DISTANCES  AND  OIBECTIONS  TQ,nEFERENCE_MARICS  AND 
OBJECTS   OBSERVED  AT  STATION 


PROMINENT 


OBJECT 


DISTANCE 


DIRECTION 


GRID  AZIMUTH 


^  ■    501,508.68 


Golf 


1629,25 


OO     CO 


243     29     14.0 


48B 


454.25 


176     20     56.2 


59     50     10.2 


ELEVATION 


1 


DETAILED    DESCRIPTION: U.S.C.  *  G.S.  and  State  vSunrey  standard  disk  set  in 

curbstone  flush  with  top  of  oitrb.     Looated  on  southwest  corner  of  intersection  of 
Buchanan  and  Bowdoin  streets.     It  is  36.1  feet   southeast  of  corner  post  of  a 
Cemetery  fence,   61.0  feet  southwest  from  the  comer  of  a  house,   16  feet  south  of  the 
Centerline  of  Biwhanan  Street,   14.6  feet  west  of  oenterline  of  Bowdoin  Street  and 
24.1  feet  northeast  of  comsr  of  steps  to  Episcopal  Churoh. 


CHI 


EF  OF  PARTY....Mr?.?...?y.^A*...DC8CRIBE0  BV......M*..?*.  .???.?.*?.^..  MARKED  BY. ¥.?.?.r...?.™'.?*?.?? 


SKETCH  OF  UXATION 


^1 

2 


o 

K 

o. 
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15516^ 


puH  or  ii&ip  u  vsfiZQSP 

Z.  Henry  Ooodnough  Inc. 
Inglneers 

8IPTI1IBER     1933- 


C«nt«rt.in«   oF    LacAtMn 


Copf  of  oarf  of  plan 

LAND    REGISTRATION   OFFICE 

.    MARCH  2.  i9ia.  

Scale  <f  this  plan  200  feet  to  an  Inch 
C  &  Humphrey,    Cngineer  fbr  Court  F. 
Sf-B-i 


-i-NOTE- 

CwwccUd  Vtji  t«cal  Co"^  Survey 
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Jndorsement  of  Geodetic  Control  by  State  Organizations 


The  Massachusetts  Land  Court  has  adopted  the  single  system  of 
piano  coordinates  developed  upon  the  Lambert  Projection  based  on 
the  1927  North  American  Datum.  The  local  control  stations  and  the 
level  bench  marks  established  by  the  Massachusetts  Geodetic  Survey 
will  be  used  as  authentic  reference  points  in  the  determination  of 
the  position  of  the  principal  points  defining  the  location  of  land 
registered  v;ith  the  court. 


The  standard  form  of  survey  diagram  to  accompany,  and  form  a 
part  of  the  permanent  record  is  shoivn  in  the  illustration  "Part  of 
Land  in  Medford".  The  data  at  local  control  stations  5A  and  5B  was 
used  to  develop  the  plane  coordinates  fixing  the  geodetic  position 
of  the  northeast  corner  of  the  property  and  of  two  reference  points 
on  the  Pollsway.  The  bearings  of  the  enclosing  courses  are  grid 
azimuths  on  the  Lambert  Projection  of  the  state  derived  from  the 
same  control. 

A  report  entitled  "Local  Control  Survey  Nantucket  1936"  has 
been  prepared  and  delivered  to  Mr,  Clarence  B.  Humphrey,  Engineer 
for  Court.  In  his  acknowledgment  he  wrote  "This  report  and  data 
will  be  of  great  assistance  to  me  in  connection  with  the  registra- 
tion of  lands  on  the  island  of  Nantucket". 

The  Massachusetts  Department  of  Public  Health  requires  accu- 
rate data  upon  the  elevation  of  land  above  sea  level.  The  mean  sea 
level  elevations  available  at  bench  marks  established  by  local  con- 
trol surveys  within  sanitation  districts  furnish  authentic  refer- 
ence points  to  which  the  field  work  of  the  department  can  be  tied 
amd  upon  -irhich  it  may  safely  base  its  plans  for  drainage  and  dis- 
charge of  polluted  waters.  At  the  request  of  the  department's  chief 
engineer,  Mr.  Arthur  D,  Weston,  additional  information  regarding 
drainage  areas  and  bench  marks  has  been  placed  upon  a  set  of  the 
topographic  maps  of  the  state. 

The  Massachusetts  Department  of  Public  Works,  for  many  years 
used  the  control  points  established  by  the  Land  Court  in  its  twenty 
one  registration  districts.  The  position  of  these  points  were  de- 
termined on  planes  of  projection  developed  by  the  method  of  Mep- 
cator  tangent  projections.  The  origin  of  coordinates  for  each 
plane  was  at  the  intersection  «f  the  parallel  of  latitude  and  merid- 
ian of  longitude  central  to  the  district.  The  determination  of  the 
relation  of  points  adjacent  to  each  other  at  the  joining  of  two 
districts,  but  the  positions  of  which  v/ere  given  by  coordinates  on 
different  origins  gave  unsatisfactory  and  uncertain  results. 

This  difficulty  was  partially  overcome  by  the  department  by 
reducing  the  number  of  projections  to  eight  coordinate  systems. 
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The  single  system  of  plane  cooi'dinates  has  completely  overcome 
this  difiiculty.  In  addition  the  cost  of  highway  location  surveys 
has  been  greatly  reduced.  Before  local  control  stations  were  estal)- 
lished  it  was  necessary  to  make  independent  forward  and  backward 
traverses  to  secure  a  closed  circuit  and  a  check  upon  the  accuracy 
of  the  work.  It  is  now  only  necessary  to  run  in  one  direction, 
between  monumented  local  control  stations  at  each  end  to  secure  a 
closed  traverse  and  a  positive  check  and  only  one  set  of  intermedi- 
ate stations  to  be  adjusted  to  final  position. 


The  City  of  Medford  has  undertaken  the  spread  of  definite  con- 
trol throughout  the  city.  IJr.  H.J.  Nicholson,  City  Engineer  of 
Medford  wrote  for  information  concerning  the  extent  of  assistance 
which  could  be  given  to  further  the  work  of  the  city.  In  a  sub- 
sequent letter  he  wrote  "I  vj-ish  to  thajik  you  for  your  reply  to  my 
recent  letter  and  your  willingness  to  cooperate,  within  your  limi- 
tations, in  doing  as  much  traversing  and  control  work  in  the  City, 
as  possible.  I  am  sure  this  work  will  eventually  be  greatly  bene- 
ficial to  the  City  of  Medford." 


The  engineering  department  of  the  City  of  Haverhill  has  devel- 
oped a  local  triangulation  net  for  use  in  establishing  control  of 
the  \vork  done  by  its  engineers.  Massachusetts  Geodetic  Survey 
parties  have  recovered  and  occupied  the  stations  in  this  net  and 
tied  it  in  to  the  federal  net  vrork  corrected  to  the  1927  North 
American  Datum.  Traverses  have  added  local  control  stations  within 
this  area  triangulation  net.  Mr,  Louis  C.  La\Mton,  City  Engineer  of 
Haverhill  has  written  "We  greatly  appreciate  the  work  which  is 
being  done  in  extending  the  triangulation  from  the  feder- 
al network  in  Haverhill  and  vicinity, — This  will  furnish  us 

with  local  control  points  to  which  we  can  comiect  our  surveys.  It 
will  also  be  of  great  value  to  us  as  a  basis  for  a  plane  table 
topographical  survey  of  the  entire  city  which  we  contemplate  making 
in  the  near  future." 


At  the  request  of  Mr.  G.  E.  Noyes,  Senior  Meteorologist,  U.S. 
Dept.  of  Agriculture,  ITeather  Bureau,  Boston,  levels  were  run  to 
establish  the  mean  sea  level  elevation  of  the  barometer  at  the  East 
Boston  Airport  Station  of  the  Bureau  on  the  2nd  floor  of  the  Admin- 
istration Building. 

The  Tovm  of  lYinchester  through  the  Tovm  Engineer,  Mr.  Parker 
Holbrook  arranged  for  triangulation  work  for  the  tovm  upon  the  co- 
operative basis  indicated  by  a  e[Uotation  from  his  letter  as  follows 
"The  Town  of  v.rinchester  respectfully  requests  a  triangulation  for 
local  control  survey  and  is  willing  to  assume  any  expense  up  to 

I for  signals,  and  markers  or  other  material  necessary  for  the 

prosecution  of  the  work," 
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Other  Endo i- s ement s 

The  U. .T.  Geolo[^ical  Survey  is  now  engaged  in  a  resurvey  of  the 
state  to  replace  the  topographic  maps  developed  fifty  years  ago 
when  insufficient  funds  made  it  necessary  to  depend  upon  (what  was 
then  considered)  reliable  sources  of  information  about  areas  not 
covered  in  the  field.  In  this  period  of  time  many  changes  have 
taken  place  in  the  works  of  man  especially  in  the  water  supplies 
and  highways  of  the  state  and  increase  in  the  extent  of  settled 
areas  in  many  localities. 

The  new  work  has  been  started  in  the  Connecticut  valley  and 
also  betvreen  Boston  and  Buzzards  Bay.  The  data  accumulated  by  tri- 
angulation,  traverse  and  level  work  of  this  Survey  has  been  made 
available  to  the  U.S.  Geological  Survey.  The  work  of  its  field 
parties  will  be  greatly  expedited  by  the  numerous  local  control  sta- 
tions and  bench  marks  established  by  this  organization. 

A  prior  request  from  the  U.S.  Geological  Survey  was  received 
for  the  determination  of  mesin  sea  level  elevation  at  the  reference 
points  established  at  Strea::Ti-Gaging  Stations  within  the  state.  A 
special  report  has  been  published  giving  the  results  obtained.  A 
copy  of  this  report,  as  official  business,  was  sent  to  the  vjashing- 
ton  office  of  the  U. ?.  Coast  and  Geodetic  Survey.  An  excerpt  from 
the  letter  of  acloiowledgment  follows:  "This  report  is  a  very 
valuable  one  and  you  have  prepared  it  in  a  very  fine  way.  I  am 
sure  that  it  will  appeal  to  engineers  and  others  in  Massachusetts 
and  it  is  certainly  another  proof  of  the  fact  that  you  are  running 
a  very  efficient  organization." 

(signed)  Ii.  Bowie,  Chief,  Division  of  Geodesy, 
U.S. Coast  w  Geodetic  Survey,  Yfeshington,  D.  C. 

A  recent  letter  received  by  the  Director  of  the  Massachusetts 
Geodetic  Survey  from  the  retiring  assistant  administrator  who  was 
connected  with  relief  work  from  its  inception,  contained  this 
hearty  endorsement: 

"Please  accept  my  thajiks  for  your  splendid  cooperation,  and  my 
congratulations  for  the  high  degree  of  integrity  and  efficiency 
\\rith  v>rhich  you  have  directed  the  many  projects  for  local  control 
surveys  in  the  Civil  IVorks  Administration,  Federal  Emergency  Relief 
Administration,  and  the  ITorks  Progress  Administration  in  Massachu- 
setts, 

"The  magnitude  of  the  work  and  the  excellent  quality  and  re- 
sults accomplished  by  your  conscientious  and  tireless  efforst  en- 
title you  and  these  Government  organizations  to  great  credit  for  an 
outstanding  public  service." 

Howard  G.  Philbrook,  Assistant  Administrator,  Iforks  Progress  Admin- 
istration, Park  Square  Building,  Boston,  Massachusetts. 
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